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1. PURPOSE

The objective of this activity is to determine the tangential stresses of the outer shell, due to
uneven thermal expansion of the inner and outer shells of the current waste package (WP)
designs. Based on the results of the calculation Waste Package Barrier Stresses Due to Thermal
Expansion, CAL-EBS-ME-000008 (Ref. 10), only tangential stresses are considered for this
calculation. The tangential stresses are significantly larger than the radial stresses associated
with thermal expansion, and at the WP outer surface the radial stresses are equal to zero. The
scope of this activity is limited to determining the tangential stresses the waste package outer
shell is subject to due to the interference fit, produced by having two different shell coefficients
of thermal expansions. The inner shell has a greater coefficient of thermal expansion than the
outer shell, producing a pressure between the two shells. This calculation is associated with
Waste Package Project.

The calculations are performed for the 21-PWR (pressurized water reactor), 44-BWR (boiling
water reactor), 24-BWR, 12-PWR Long, 5 DHLW/DOE SNF - Short (defense high-level
waste/Department of Energy spent nuclear fuel), 2-MCO/2-DHLW (multi-canister overpack),
and Naval SNF Long WP designs. The information provided by the sketches attached to this
calculation is that of the potential design for the types of WPs considered in this calculation.

This calculation is performed in accordance with the Technical Work Plan for: Waste Package
Design Description for SR (Ref. 7). The calculation is documented, reviewed, and approved in
accordance with AP-3.12Q, Calculations (Ref. 1).

2. METHOD

The method and the analytical approach for this calculation are performed through the use of
basic equations of solid mechanics. With regard to the development of this calculation, the
control of electronic management of data was evaluated in accordance with AP-SV.1Q, Control
of the Electronic Management of Information (Ref. 3). The electronic management of data is
controlled in accordance with Ref. 7, Section 10.

3. ASSUMPTIONS

In the course of developing this document, assumptions were made regarding the thermal
expansion calculations. These are identified below.

3.1 One temperature range (20°C — 239°C) (Ref. 9, Table 6-7) is used throughout this
calculation for all the waste packages in this study. Although this temperature range
pertains to the 21-PWR, it is the largest range among all the waste packages. The rationale
for this assumption is that the interference created from thermal expansion with this
temperature range will be larger, compared to the interference created from the smaller
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3.2

33

3.4

3.5

temperature ranges associated with the other waste packages. This assumption provides
bounding results in terms of tangential stresses in the outer shell due to thermal expansion.
This assumption is used in Section 5.1.4.

The 21-PWR WP overall heat transfer rates are used throughout this calculation for all the
waste packages in this study. Although these overall heat transfer rates pertain to the 21-
PWR WP, they are the greatest among all the waste packages (Ref. 9, Table 6-7). The
rationale for this assumption is that larger overall heat transfer rates produce a larger
difference in temperature between the inner and outer shells. The inner shell results in
having a higher temperature than the outer shell, causing the thermal expansion to be
greater for the former. This leads to a greater interference between the shells, yielding
higher tangential stresses in the outer shell. This assumption provides bounding results in
terms of tangential stresses in the outer shell due to thermal expansion. This assumption is
used in Section 5.1.5.

Room temperature elastic moduli are used for calculating the pressure due to the
interference. The rationale for this assumption is that the pressure calculation yields
greater pressures when the elastic moduli are larger. At the maximum temperature, the
elastic moduli are less than those at room temperature, resulting in a smaller pressure.
Therefore, using the larger elastic moduli will provide a higher pressure along with higher
stresses in the outer shell. This assumption provides bounding results in terms of tangential
stresses in the outer shell due to thermal expansion. This assumption is used in Sections
5.1.1 and 5.1.2.

The initial temperature of the waste packages is room temperature, at 20°C (68°F and
293 K). The rationale for this assumption is that the waste packages are manufactured at
room temperature or warmer. Room temperature will provide a low initial temperature for
the waste package shells, yielding a greater change in temperature than that at a higher
temperature. This assumption provides bounding results in terms of tangential stresses in
the outer shell due to thermal expansion. This assumption is used in Section 5.1.4.

When calculating the inner shell inner surface temperature, the inner shell outer surface
and the outer shell inner surface have the same radius and are in complete contact with
each other. The rationale for this assumption is that there is no stress associated with
thermal expansion if the two surfaces are not in contact with each other. Calculating the
temperature of the inner shell when the shells are not in contact is not of concern for this
calculation. This assumption is used in Attachments II through VIIL
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4. USE OF COMPUTER SOFTWARE AND MODELS
4.1 SOFTWARE

Section 8 contains computations using the standard functions of a commercial-off-the-shelf
software program, Mathcad 2000 Professional. The results of the computation can be
reproduced and checked by hand; therefore, the software use is considered exempt from the
requirements of AP-SI.1Q, Software Management (Ref. 2) (see Ref. 1, Attachment 2, Section
4.A). These computations are performed using Mathcad 2000 Professional on a personal
computer. The filenames for each computation are documented in the header for the
attachments. Formulas, algorithms, listings of inputs and outputs, and numerical solution
techniques are described in comments in the calculation itself, as applicable. The form of the
computation files is such that the routines lend themselves to easy verification by visual
inspection.

4.2 MODELS

None used.
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5. CALCULATION
5.1 CALCULATION DATA
The material properties of the inner and outer shell are given below.
5.1.1 Inner Shell Properties
e 316 SS NG (Stainless Steel Nuclear Grade), SA-240, inner shell material
(Attachment I) 316 NG SS, which is 316 SS [SA-240 S31600] with tightened control

on carbon and nitrogen content and has the same material properties as 316 SS (Ref. 5,
page 931 and Ref. 6, Section II, SA-240 Table 1)

e Modulus of elasticity, E, =195.1 GPa at 20°C (28.3-10° psi) (Ref. 6, Table TM-1,

Material Group G) (Assumption 3.3)

e Poisson's ratio, v, =0.298 at 20°C (Ref. 4, page 755, Fig. 15)

e Mean coefficient of thermal expansion, @, =17-10° m/m-K at 260 C
(9.7-107° in/in-°F) (Ref. 6, Table TE-1, 16CR-12Ni-2Mo at 500 F, Coefficient B)

e Thermal conductivity, K, =17.3 W/m-K at 232°C (10.0 BTU/hr- ft-°F) (Ref. 6,
Table TCD, 16CR-12Ni-2Mo at 450 F ).

5.1.2 Outer Shell Properties

e Alloy 22, SB-575 N06022, outer shell material (Attachment I) |

e Modulus of elasticity, E, =206 GPa at 20°C (29.9-10° psi) (Ref. 15, page 14,
Average Dynamic Modulus of Elasticity) (Assumption 3.3)

e Poisson's ratio, v , =0.278 at 21°C (Ref. 4, page 143, Mechanical Properties)

e Mean coefficient of thermal expansion, @, =12.6-10° m/m-K from 24 to

316 C (7.0-107° infin-°F) (Ref. 15, page 13, Average Physical Properties, Mean
Coefficient of Thermal Expansion)

e Thermal conductivity, K, =13.4 W/m-K at 200 C (7.75 BTU/hr- ft -°F) (Ref. 15,
page 13, Average Physical Properties, Thermal Conductivity)
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e Yield strength o, =222MPa at 260°C (32.2:10° psi) (Ref. 6, Table Y-1,
55Ni-21Cr-13.5Mo at 500 F).

5.1.3 Shell Dimensions

The dimensions of the inner and outer shells for various waste packages (Attachment I) are
given in Table 1.

Table 1. Dimensions of the Inner and Outer Shell for Various Waste Packages

Waste Package Type Inner Shelt Inner Inn-er Shell Oufer Shell
Radius Thickness Thickness
(m) (in.) {m) {in.) (m) (in.)
21-PWR 0.712 28.0 0.050 1.97 0.020 0.79
44-BWR 0.727 28.6 0.050 1.97 0.020 0.79
24-BWR 0.549 21.6 0.050 1.97 0.020 0.79
12-PWR Long 0.555 21.9 0.050 1.97 0.020 0.79
5 DHLW/DOE SNF - Short 0.940 37.0 0.050 1.97 0.025 0.98
2-MCO/2-DHLW 0.792 31.2 0.050 1.97 0.025 0.98
Naval SNF Long 0.8595 33.8 0.050 1.97 0.025 0.98

Table 2 provides the inner cavity length of the inner shell for various waste packages
(Attachment I).

Table 2. Inner Cavity Length of the Inner Shell for Various Waste Packages

Waste Package Type Inner Cavity Length

(m) (in.)
21-PWR 4.585 180.5
44-BWR 4.585 180.5
24-BWR 4.585 180.5
12-PWR Long 5.121 201.6
5 DHLW/DOE SNF - Short 3.590 141.3
2-MCO/2-DHLW 4.617 181.8
Naval SNF Long 5.415 213.2

5.1.4 Temperature Range

The upper boundary of the temperature range for the 21-PWR WP is 239°C (462 degrees F and
512 K) at the outer shell outer surface, occurring 35 years after emplacement (Ref. 9, Table 6-
7). This waste package outer surface upper boundary temperature is the maximum among all
the waste packages and will be used for all the thermal expansion calculations (Assumption
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3.1). The lower boundary temperature is room temperature at 20°C (68°F and 293 K)
(Assumption 3.4) representing the shells before the spent nuclear fuel is inserted.

5.1.5 Overall Heat Transfer Rate
The overall heat transfer rates for the 21-PWR WP are presented in Table 3 along with the

corresponding outer shell outer surface temperatures (Ref. 9). These values are used
throughout this calculation for all the waste packages in this study (Assumption 3.2).

Table 3. Overall Heat Transfer Rates

Outer Shell Outer Surface
Heat, q, Temperature, T,
W) (K) (°C)
0.0 293 20
11799.9 330 57
11762.5 357 84
10846.7 381 108
7192.8 411 138
7191.7 426 153
7182.4 443 170
7102.3 468 195
6856.1 493 220
6540.6 502 229
6158.3 512 239

5.2 TECHNICAL APPROACH

Seven different potential WP designs are evaluated in this document: 21-PWR, 44-BWR,
24-BWR, 12-PWR Long, 5 DHLW/DOE SNF - Short, 2-MCO/2-DHLW, and Naval SNF Long.
For each one of these potential WP designs, a parametric study is performed by calculating the
interference produced by the thermal expansion of the inner and outer shells. The interference
between the two shells causes a pressure at the interface of the two shell surfaces. This pressure
is used to calculate the outer shell tangential stresses at the inner and outer surfaces.

5.3 THERMAL EXPANSION CALCULATIONS

Thermal expansion occurs with a change in temperature and is represented by the following
equation: 0 = a R AT; where J is the change in radial length; « is the coefficient of thermal
expansion; R is the radial length; and, AT is the change in temperature (see Attachments II
through VIII). Attachment IX verifies this equation for thermal expansion. This calculation is
a parametric study that determines the resulting interference between the waste package shells
due to thermal expansion based on various gap sizes at room temperature. The calculations for
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the tangential stresses of the outer shell at the outer and inner surfaces are presented in
Attachments II through VIII. The results are presented in Section 6.
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6. RESULTS

This document may be affected by technical product input information that requires
confirmation. Any changes to the document that may occur as a result of completing the
confirmation activities will be reflected in subsequent revisions. The status of the technical
product input information quality may be confirmed by review of the DIRS database.

6.1 MAXIMUM OUTER SHELL TANGENTIAL STRESS

At the maximum temperature, the waste package shells are subject to the greatest pressure
created by the interference fit caused by uneven thermal expansion of the waste package inner
and outer shells. This interference fit subjects the shells to a tangential stress. The locations of
these outer shell stresses are depicted in Figure 1.

Quter Shell Inner Surface Maximum

Tangential Stress

Outer Surface
Maximum Tangential Stress

Gap >

Inner Shell

Figure 1. The Locations of the Outer Shell Inner Surface and Outer Surface Maximum
Tangential Stresses
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The outer shell maximum tangential stresses at the outer and inner surfaces for a corresponding
gap size (Attachments II through VIII) are shown in Table 4 and Table 5.

Table 4. Outer Shell Maximum Tangential Stress at the Outer Surface

Maximum Tangential Stress at the Outer Surface, g, (MPa)

Waste Package

Gap Size (mm)

Type 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
21-PWR 140.9 | 1221 | 103.2 | 84.4 65.6 46.8 27.9 9.1 0.0 0.0 0.0
44-BWR 1409 | 1224 | 1039 | 85.5 67.0 48.5 30.1 11.6 0.0 0.0 0.0
24-BWR 141.3 | 1174 | 93.5 69.6 45.8 21.9 0.0 0.0 0.0 0.0 0.0
12-PWR Long 140.8 | 117.2 | 93.6 69.9 46.3 22.7 0.0 0.0 0.0 0.0 0.0
gh%t'tLW/DOE SNF -1 4314 | 117.0 | 1044 | 909 | 774 | 639 | 504 | 369 | 234 | 99 | 00
2-MCO/2-DHLW 130.9 | 1150 | 99.2 83.4 67.5 517 35.8 20.0 4.2 0.0 0.0
Naval SNF Long 1304 | 1157 | 101.1 | 86.4 71.7 57.0 42.4 27.7 13.0 0.0 0.0

Table 5. Outer Shell Maximum Tangential Stress at the Inner Surface
Maximum Tangential Stress at the Outer Surface, o, (MPa)
Waste Package Gap Size (mm)

Type 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
21-PWR 1446 | 125.3 | 106.0 | 86.6 67.3 48.0 28.7 9.4 0.0 0.0 0.0
44-BWR 1445 | 1256 | 106.6 | 87.7 68.7 49.8 30.8 11.9 0.0 0.0 0.0
24-BWR 146.1 | 121.4 | 96.7 72.0 47.3 22.7 0.0 0.0 0.0 0.0 0.0
12-PWR Long 1456 | 121.1 | 96.7 72.3 47.8 234 0.0 0.0 0.0 0.0 0.0
ghIZ)I:tLWIDOE SNF - 1348 | 1209 | 107.1 93.2 79.4 65.5 51.7 37.9 24.0 10.2 0.0
2-MCO/2-DHLW 1348 | 1185 | 1022 | 85.9 69.5 53.2 36.9 20.6 43 0.0 0.0
Naval SNF Long 134.1 | 119.0 | 103.9 | 88.8 73.7 58.6 435 28.5 13.4 0.0 0.0

6.2 TANGENTIAL STRESS RELATION TO TEMPERATURE

The calculation results (Attachments II through VIII) are reported in the following sections for
each WP. The waste package outer shell tangential stresses at the inner and outer surfaces due to
thermal expansion are reported using plots, illustrating the tangential stress (MPa) with respect to
temperature (°C). The plots depict the stress/temperature curves for a range of shell gap sizes.
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6.2.1 21-PWR WP

Figure 2 illustrates the 21-PWR WP outer shell outer surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa (see Section 5.1.2), respectively, for
informational purposes.

OS Outer Surface Tangential Stress
160T

100 239

3 20T

Gosg j 80T

Stress (MPa)

0% 60T

40t

20T

Tos,~273K
Tcmperatui‘e (Degrees C)
— 0.0-mm gap
©=° 0.1-mm gap
— 0.2-mm gap
-~ 0.3-mm gap

0.4-mm gap The 44.4 MPa and 22.2 MPa horizontal dashed lines
0.5-mm gap indicate 10% and 20% yield strength of alloy 22. These
0.6-mm gap lines are for informational purposes only.

0.7-mm gap

0.8-mm gap

0.9-mm gap

Figure 2. 21-PWR WP Outer Shell Outer Surface Tangential Stress
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Figure 3 illustrates the 21-PWR WP outer shell inner surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.

OS Inner Surface Tangential Stress
160'(

100 239

1407

1007

Uiss g 80T

Stress (MPa)

10° 60T

- 40t

20t

2y 74 ) } . ! y
0 50 100 150 200 250
T ~273K

Temperatul!e {Degrees C)

= 0.0-mm gap

---- 0.1-mm gap

— 0.2-mm gap

— - 0.3-mm gap . )
~—— 04-mmgap [he44.4 MPa and 22.2 MPa horizontal dashed lines

- 0.5-mmgap Indicate 10% and 20% yield strength of alloy 22. These
-— 0.6-mmgap lines are for informational purposes only.

= - 0.7-mm gap

— 0.8-mm gap

<= 0.9-mm gap

Figure 3. 21-PWR WP Outer Shell Inner Surface Tangential Stress
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6.2.2 44-BWR WP

Figure 4 illustrates the 44-BWR WP outer shell outer surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.

OS Outer Surface Tangential Stress
160T

100 239

—2 20t

100T

Gosg j 80T

Stress (MPa)

10 60T

20-- D A l’

0 50 100 150 200 250

Tos.—273K
Temperature (Degrees C)
—— 0.0-mm gap
“==- 0.1-mm gap
0.2-mm gap

~° 03-mmgap The 44.4 MPa and 22.2 MPa horizontal dashed lines
— 04-mmgap jpdicate 10% and 20% yield strength of alloy 22. These

0.5-mmgap  jines are for informational purposes only.
— 0.6-mm gap
- 0.7-mm gap
— 0.8-mm gap
0 0.9-mm gap
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Figure 5 illustrates the 44-BWR WP outer shell inner surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.
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Figure 5. 44-BWR WP Outer Shell inner Surface Tangential Stress
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6.2.3 24-BWR WP

Figure 6 illustrates the 24-BWR WP outer shell outer surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.
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Figure 6. 24-BWR WP Outer Shell Outer Surface Tangential Stress
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Figure 7 illustrates the 24-BWR WP outer shell inner surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.
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Figure 7. 24-BWR WP Outer Shell Inner Surface Tangential Stress
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6.2.4 12-PWR LONG WP

Figure 8 illustrates the 12-PWR Long WP outer shell outer surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.

OS Outer Surface Tangential Stress
160T

100 239

—% 20T

1007

Gosg j 80T

Stress (MPa)

106 60T

2 a0t

0 100 150
Tos;~273K

Temperature (Degrees C)
— 0.0-mm gap
7 0.1-mm gap
~  0.2-mm gap
~° 03-mmgap  The 44.4 MPa and 22.2 MPa horizontal dashed lines
— O4-mmgap  jndicate 10% and 20% yield strength of alloy 22. These

0.5-mmgap  |ines are for informational purposes only.
0.6-mm gap

0.7-mm gap
0.8-mm gap
0.9-mm gap

Figure 8. 12-PWR Long WP Outer Shell Outer Surface Tangential Stress
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Figure 9 illustrates the 12-PWR Long WP outer shell inner surface tangential stress (MPa) with
respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and 20%
levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational purposes.
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Figure 9. 12-PWR Long WP Outer Shell Inner Surface Tangential Stress
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6.2.5 5 DHLW/DOE SNF - Short WP

Figure 10 illustrates the 5 DHLW/DOE SNF - Short WP outer shell outer surface tangential
stress (MPa) with respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield
strength 10% and 20% levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for
informational purposes.
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Figure 10. 5 DHLW/DOE SNF - Short WP Outer Shell Outer Surface Tangential Stress
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Figure 11 illustrates the 5 DHLW/DOE SNF - Short WP outer shell inner surface tangential
stress (MPa) with respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield
strength 10% and 20% levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for
informational purposes.
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Figure 11. 5 DHLW/DOE SNF - Short WP Outer Shell Inner Surface Tangential Stress
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6.2.6 2-MCO/2-DHLW WP

Figure 12 illustrates the 2-MCO/2-DHLW WP outer shell outer surface tangential stress (MPa)
with respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and
20% levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational
purposes.

OS Outer Surface Tangential Stress

100 239

Oos, i 1207

—= 80T

Stress (MPa)

60T
Cosg ;

Sos, ;20T

Tos.~273K
Temperature (Degrees C)
— 0.0-mm gap
0.1-mm gap
0.2-mm gap

0.3-mmgap  The 44.4 MPa and 22.2 MPa horizontal dashed lines
0.4-mmgap  indicate 10% and 20% yield strength of alloy 22. These

0.5-mmgap fines are for informational purposes only.
0.6-mm gap

0.7-mm gap
0.8-mm gap
0.9-mm gap

Figure 12. 2-MCO/2-DHLW WP Outer Shell Outer Surface Tangential Stress
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Figure 13 illustrates the 2-MCO/2-DHLW WP outer shell inner surface tangential stress (MPa)
with respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and
20% levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational
purposes.
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Figure 13. 2-MCO/2-DHLW WP Outer Shell Inner Surface Tangential Stress
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6.2.7 NAVAL SNF-Long WP

Figure 14 illustrates the Naval SNF-Long WP outer shell outer surface tangential stress (MPa)
with respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and
20% levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational
purposes.
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Figure 14. Naval SNF-Long WP Outer Shell Outer Surface Tangential Stress
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Figure 15 illustrates the Naval SNF-Long WP outer shell inner surface tangential stress (MPa)
with respect to temperature (°C) for a range of gap sizes. The Alloy 22 yield strength 10% and
20% levels are indicated on the plots at 22.2 and 44.4 MPa, respectively, for informational
purposes.
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8. ATTACHMENTS

Attachment I (22 pages): Design sketches. Table 4 lists the potential design sketches used
in this calculation.

Table 4. Potential Design Sketches Used

Sketch
Design Sketch Title Number Rev. Pages

21-PWR Waste Package Configurations for Site Recommendation SK-0175 02 I-1to I-2
21-PWR Waste Package Weld Configuration SK-0191 00 -3
44-BWR Waste Package Configuration for Site Recommendation SK-0192 00 -4 to I-5
44-BWR Waste Package Assembly Weld Configuration SK-0193 00 1-6
24-BWR Waste Package Configuration for Site Recommendation SK-0184 00 I-7 to I-8

| 24-BWR Waste Package Assembly Weld Configuration SK-0202 00 -9

| 12-PWR Long Waste Package Configuration for Site Recommendation SK-0183 01 I-10 to 1-11
12-PWR Long Waste Package Weld Configuration SK-0205 00 1-12
5 DHLW/DOE $NF - Short WP Assembly Configuration for Site SK-0196 03 1113 to I-14
Recommendation
5 DHLW/DOE SNF - Short Weld Configuration SK-0197 00 1-15
2-MCO/2-DHLl_/V Waste Package Configuration for Site SK-0198 04 116 to 1-18
Recommendation
2-MCO/2-DHLW Waste Package Weld Configuration SK-0199 01 I-19
gzzegin SmAZ; ‘ngggo;nWaste Package Configuration for Site SK-0194 01 1-20 to 1-21
Naval SNF Long Waste Package Weld Configuration SK-0195 00 I-22

Attachment II (10 pages):  Mathcad thermal expansion calculations for the 21-PWR WP
Attachment III (10 pages): Mathcad thermal expansion calculations for the 44-BWR WP
Attachment IV (10 pages): Mathcad thermal expansion calculations for the 24-BWR WP

Attachment V (10 pages):  Mathcad thermal expansion calculations for the 12-PWR Long
WP

Attachment VI (10 pages): Mathcad thermal expansion calculations for the 5 DHLW/DOE
SNF - Short WP

Attachment VII (10 pages): Mathcad thermal expansion calculations for the 2-MCO/2-DHLW
WP

Attachment VIII (10 pages): Mathcad thermal expansion calculations for the Naval SNF Long
WP
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Attachment IX (5 pages):  Mathcad verification for the equation of thermal expansion
through a radius, using the theory of elasticity.
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2 SFA-5. 14 N06022 35 ]

3 SFA-5. 14 N06022 96 1

4 SFA-5.14 K06022 3.1 2

5 SFA-5. 14 N06022 3.8 I

3 SFA-5.9 31680 64 2

7 SFA-5. 14 N06022 3 2

8 SFA-5. 14 K06022 8.2 2

g SFA-5. 14 06022 1 ]

10 SFA-5.14 N0O6022 31 I

TOTAL ALLOY 22 WELDS SFA-S5.14 N06022 249 -

TOTAL 316 WELDS SFA-5.9 531680 128
UNITS: mm

DO NOT SCALE FROM SKETCH

DETALL B

REVISIONS
ey | ] . | ower | oae
80| 15SUED APPROVED | ex  Jesesree

“FOR INFORMATION ONLY"

2IPWR WASTE PACKAGE WELD CONFIGURATION

SKETCH NUMBLER: SK-0191 REV 00

SKETCHED BY:  BRYAN HARKINS 5,/&6‘ o
°
. 1}
DATE: 030000 | o3 Peeo
FLE /home/pro_library/checkout/skedches/2lpwr/sk-0191.dwg

S,

Page 1-3
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SHEET 2

SEE DETAIL A fs———— @ 1557 OUTER SHELL CLOSURE LID
/:::X_J SEE DETAIL €

ja———— @ 1571 QUTER SHELL EXTENDED LID

SHEET 2

]|

65

@1674 TRUNNION COLLAR SLEEVE OD
305 OUTER SHELL LID LIFTING FEATURE 0D

BASKET B-SIDEGUIDE
] BASKET B-STIFFENER

T

FUEL BASKET C-PLATE

4
BASKET

CAVITY

LENGTH .

4585
LENGTH

47
INNER

15
SHELL

FUEL BASKET TUBE -—\\\\\\\\

FUEL BASKET B-PLATE

155.3 TYP
44 PLACES

FUEL BASKET C-PLATE
FUEL BASKET A-PLATE

FUEL BASKET G-PLATE (THERMAL SHUNT)

FUEL BASKET E-PLATE

BASKET STIFFENER

BASKET CORNER GUIDE

FUEL BASKET D-PLATE

@ 1594 QUTER SHELL 0D

@ 1554 INNER SHELL OD

@ 1454 INNER SHELL 1D

FUEL BASKET F-PLATE
(THERMAL SHUNT)

TRUNNION COLLAR SLEEVE
WELD

QUTER SHELL

INNER SHELL

155.3 TYp
44 PLACES

SECTION B-B
"FOR INFORMATION ONLY"
44-BWR WASTE PACKAGE CONFIGURATION FOR SITE RECOMMENDATION
g SKETCH NUMBER: SK-0192 REV 00 Q’ SHEET 1 OF 2
SEE DETAIL B @ 1460 TNNER SHELL LID ‘ SKETCHED BY:  BRYAN HARKINS 6] o0 sob
1560 OUTER SHELL LID ————wrl an 2
SHEET 2 @ UNITS:mm {pare: 01721700 2T b"ﬂ/ﬂ!" o
1‘;“"
SECTION A-A DO NOT SCALE FROM SKETCH . home/pro_library/checkout/sketches/adbwr/sk-0192. dwg
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i
i
& TYP 2 PL— ——— @205 TYP ——= 5
F-—
RIO TP S
¥ TP 2L [ . <3
) 5.7 TYP 2 PL ( / | \ A
i
: ! OUTER SHELL LID LIFTING FEATUR
g . INNER SHELL LID LIFTING FEATURE
/ L L L ya
15 TYP i '
‘ 21 TYp
R3 TYP 2 PL - I o
. /WW_ i
R3 TYP 2 PL ' 5 1 |
| | 4 i
! |
AL D 10 BASKET TO INNER SHELL L1D GAP {
i | .
W 7 { | /
4 TYP ] EXTENDED OUTER SHELL LID \\———‘V {
25 TYP - ' EXTENDED LID REINFORCEMENT RING
25 | ya 25—
A DETAL C §'
] R25 ’ N
40 45 1 5
125 - \/ ‘
50 TYP _
25 EXTENDED LID BASE ; /
100 / % g :
450 1
|  COMPONENT NAME MATERIAL Hooess | RS | O ‘
j A B ¥ i BASKET B-SI1DEGUIDE SA-516 K02700 10 19 32
= 30 CLOSURE LID : n
7 <z Z ] 30 CLOSURE LID o BASKET B-STIFFENER SA-516 _K02700 10 0.31 64
8 TYP 2 PL BASKET CORNERGUIDE SA-516 K02700 10 46 32
’ — L— 10 CLOSURE LID WELD _/7‘
85 Trp L/ T TYP 2 PL BASKET STIFFENER SA-516 _K02700 10 2.1 64 RS N
§0 CLOSURE LID FUEL BASKET A-PLATE NEUTRONIT A 978 5 63 4 ~N /
100 / L 30 INNER SHELL L1D FUEL BASKET B-PLATE NEUTRONIT A 978 5 63 1
340 TO CLOSURE LID GAP FUEL BASKET C-PLATE NEUTRONIT A 978 5 B 16 345
FUEL BASKET D-PLATE NEUTRONIT A 978 5 44 15 100
J 95 INNER SHELL L1D FUEL BASKET E-PLATE NEUTRONIT A 978 5 a4 16 45° TYP 70 SUPPORT RING
// FUEL BASKET F-PLATE $B-209 A96061 T4 5 21 8
FUEL BASKET G-PLATE SB-209 A%6061 14 5 2 8
/ FUEL BASKET TUBE SA-516 K02700 5 113 44
INNER SHELL SA-240 S31600 50 8886 1 :
N INNER SHELL LID SA-240 $31600 95 125 2 \
/ ) INNER SHELL LID LIFTING FEATURE SA-240 531600 21 12 ] R
/ L/ \ OUTER SHELL $B-575 06022 20 275 | | \ 1 -
EXTENDED OUTER SHELL LID SB-515 N06022 | 25 135 1 j e a S
EXTENDED OUTER SHELL LID BASE SB-575 N06022 25 381 ] 125 'R i ‘ >
/ \H OUTER SHELL LID LIFTING FEATURE $B-515 N06022 21 3 2 100 2
/\ EXTENDED LID REINFORCENENT RING SB-575 N06022 50 99 1 25 OUTER SHELL — —
PP ( J OUTER SHELL FLAT CLOSURE L1D SB-575 N0§022 0 65 [ FLAT BOTTOM L1D S
/ OUTER SHELL FLAT BOTTOM LID SB-515 N06027 25 412 1 S
[ R3 TYP 2 PL UPPER TRUNNION COLLAR SLEEVE SB-515 N06022 40 517 i ;
\ LOWER TRUNNION COLLAR SLEEVE SB-575 N06022 40 507 | E
25 — R3 TYP 2 PL INNER_SHELL SUPPORT RING $B-575 N06022 20 42 1 2 2
2 : TOTAL ALLOY 22 WELDS SFA-5. 14 N06022 - 253 . 20
? D=l simen TOTAL 316 WELDS SFA-5.9 531680 - 131 T E
WASTE_PACKAGE ASSEMBLY - - 28068 [ )
\ < (40) ] BWR FUEL ASSEMBLY - - 328,45 | 44 5 — o
/ WASTE PACKAGE ASSEMBLY WITH SNF - - 42517 i
(20 : 2 DETAL B -
: Q
- (50) ¢ CRWMS M20 1997. WASTE CONTAINER CAVITY SIZE DETERMINATION. BBAA0000O-01717-0200-00026 REV 00 g
LAS VEGAS, NV: CRWMS M&0. ACC: MOL.19980106.006I 5
DETAL A *#s REFER TO SK-0193 REV 00 "SINGLE CRM 44-BWR WASTE PACKAGE ASSEMBLY WELD CONF IGURAT ION® £
| Sx002 REV 00 [ SHEET 2 0F 2 | <




8 | 1 6 5 v 4 I 3 P O L l

REVESION HISTORY
[[ALL SHEETS ARE_THE SAWE REVISION STATUS }

AR

I0ME { REV DESCRIPTION BATE APPROVED
»s m
l
3

3 S5 T80

12.1 .
/emb———%rs T80 .
| Sp——@m ' —

/
oo O _| /\/ i P

L2

[\
\\
L1

ANIAN

Page I-6

— » ;
|y
///// A O]
/ ws w2 - A ~
®\ 7\
®\ ®\\\
" x | ] IB>_T-6\ / / /
e }
DETAIL A \\\\:::\\\\ //
SCALE 0.703 \.
O,
»s m
: DETAIL B8
Lo WATERIAL swm SCALE 0.703
WELD | SFA-5.14 N06022 14 1
wELD 2 SFA-5.14 NO6022 35 !
WELD 3 SFA-5.14 N0G022 98 1
WELD 4 SFA-5.14 MD6022 3.2 | 2 ‘
zt: : S;I:SS l: ::Iﬁ::: 3‘-: ; *FOR INFORMATION ONLY" APPROVALS INITIAL/DATE WASTE PACKAGE DEPARTMENT
WELD 7 s“.s.'“ 06022 14 2 THIRD ANGLE PROJECTION “[B‘:::.l 'H'ANKINS % Z“ﬂc‘ @ m{[ mm
. ) - STRUCTURAL LEAD 3o ur
st T s SECTION A-A | vy e 1 A Juitiinen (96 kIl 0 GWR WASTE PACKAGE ASSENBLY
SCALE 0.094 WELD 10 SFA-5. 14 Nos022 | 38 | | T — u“ﬁ":.;:ﬁ‘.“ WELD CONFIGURATION
TOTAL ALLOY 22 WELDS SFA-5.14 NO6022 253 . AND DEGREES UNLESS OTHERWISE NOTED /b« s[ﬂb SKETCH NUMBER REVISION
TOTAL 316 WELDS SFA-5.9 531680 .| 131 | - Y T — ———> - - lsl(-om 00
. SCAL .094 SHEET | OF |
8 ] 7 6 5 A 4 [ 3 | 2 ] |
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SEE DETAIL A
SHEET 2

e—— @ 1215 OUTER SHELL EXTENDED LiD —]
fa— @ 1201 OUTER SHELL CLOSURE LD ———o=

SEE DETAIL C

SEE DETAIL D
SHEET 2 SHEET 2

5105

AL IO
mumaan

@ 1318 TRUNNION COLLAR SLEEVE 0D
@305 OUTER SHELL LID LIFTING FEATURE

ALLLLLELLARALARLLALAL ANURANANARA Y e

4515
BASKET LENGTH

4585
CAVITY LENGTH

41
INNER

15
SHELL

/S b=
FUEL BASKET E-PLATE

FUEL BASKET TUBE

'\/.‘
) m “- H I h\
l je—— 155.3 TYP—J 155.3 Trp 1H
| 4 PL H 24 PL / |
| |
B | S| S—
| ___J__IJ)

FUEL BASKET A-PLATE

FUEL BASKET B-SIDEGUIDE
! FUEL BASKET A-SIDEGUIDE

BASKET STIFFENER

FUEL BASKET D-PLATE

i FUEL BASKET C-PLATE

BASKET CORNER GUIDE
@ 1238 OUTER SHELL 0D

@1198 INNER SHELL 0D

¢1098 INNER SHELL 1D

TRUNNION COLLAR SLEEVE
N/
WELD

O OUTER SHELL

INNER SHELL

SECTION BB
FUEL BASKET B-PLATE
ARREE) "FOR INFORMATION ONLY"
]
’/7 - ; = — 24BWR WASTE PACKAGE CONFIGURATION FOR SITE RECOMMENDATION
= T
_/ Fe———@ 1104 INNER SHELL LID—— SKETCH NUMBER: SK-0184 REV 00 0 SHEET | OF 2
SEEJETAIL B @ 1204 OUTER SHELL L 1D ———od Q¥ 0
SKETCHED BY:  BRYAN mmusﬂ;ﬂ 6\00 5966\00
. U
SECTION A-A UNITS: mm |pate: 01/25/00 \* b‘lg;v_»o
DO NOT SCALE FROM SKETCR ‘FI.E Thome/pro_library/checkout/sketches/24-bwr/sk-0184.dwg
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6 TYP 2 PL
FIrvwae
5.7 TYP 2 PL

r-—-—gzszos TYP

/—-RIO TYP

OUTER LID LIFTIKG FEATURE

- T r Y.L/ ///{\//////////// / ‘ INNER L1D LIFTINIG FEATURE
_ I :

R3 TYP 2 PL

Page I-8

CAL-EBS-ME-000011 REV 00

DETAIL D 4 ;
4 EXTENDED OUTER SHELL L1D ! ‘ —
25 TYP — 25 y /— EXTENDED LID REINFORCEMENT RING - ‘ >\
: | . 25 .
oo DETAL C /
/ 125
/ 50 TYP — |
— 25 EXTENDED LID BASE
‘ / /
100 / — 30 CLOSURE LID TO EXTENDED LID GAP
45 :
/N7 -7 / 7 7 L COMPONENT NAME MATERAL THICKNESS mssm . /
/- TP 2 PL '_ 10 CLOSURE L1D WELD BASKET A-GUIDE SA-516 K02700 10 21 16 RS TYP
RS TYP ‘ °TTYP 2 AL 10 CLOSURE LID BASKET B-6UIDE SA-516 K02700 10 1.3 (6
BASKET CORNER GUIDE SA-516 K02700 10 22 32
100 L 30 (NNER SHELL LID BASKET STIFFENER SA-516 K02700 10 .6 54 100
TO CLOSURE L1D GAP FUEL BASKET A-PLATE NEUTRONIT A 978 0 89 1 N -
340 65 INNER SHELL L1D FUEL BASKET B-PLATE NEUTRONIT A 978 ) 89 1 345 45° . TYP 70 SUPPORT RING
. FUEL BASKET C-PLATE NEUTRONIT A 978 10 90 8
/ ‘ FUEL BASKET D-PLATE NEUTRONIT A 978 10 90 8
FUEL BASKET E-PLATE NEUTRONIT A 978 10 30 i6
/ L FUEL BASKET TUBE SA-516 K02100 5 i3 24
10 BASKET TO INKER SHELL LID GAP INNER SHELL SA-240 $31600 50 6731 i
TNNER SHELL LID SA-240 531600 65 489 2
/ : | \ ~ INNER SHELL LID LIFTING FEATURE | SA-240 S31600 21 02 1 t
/ 7 OUTER SHELL $B-575 N06022 20 3268 ! i “
/ EXTENDED OUTER SHELL LID SB-515 N06022 25 103 1 125 -
B EXTENDED OUTER SHELL LID BASE | SB-515 N06022 25 221 1 \ 1
/ OUTER SHELL LID LIFTING FEATURE | SB-575 N06022 21 3 2 \ 100
/ || EXTENDED LID REINFORCENENT RING | SB-575 N06022 50 75 ] N\ :
d / OUTER SHELL FLAT CLOSURE LID | SB-575 N06022 10 98 [
/ OUTER SHELL FLAT BOTTOM LID $B-575 N06022 25 245 i
By / UPPER TRUNNION COLLAR SLEEVE | SB-515 N06022 | 40 204 i
/\ / R3 TYP 2 PL ' LOWER TRUNNION COLLAR SLEEVE | SB-575 N0G022 |. 40 396 ]
> / INNER SHELL SUPPORT RING SB-575 N06022 20 32 1 20 25 OUTER SHELL
LA TOTAL ALLOY 22 WELDS SFA-5.14 N06022 | - 194 m 20 -
‘ / / R3TrP 2 pL TOTAL 316 WELDS SFA-5.9 531680 - 53 ) o = 40— FLAT BOTTOM L1D
25 . » WASTE PACKAGE ASSEMBLY - - 19437 1 -
20 BWR FUEL ASSEMBLY - - +328.4 | 24
e R uak LRI 8 WASTE PACKAGE ASSEMBLY WITH SNF - - 27318 |1 DETALL B
o p—— (50)
(401 1 ' CRWNS M30 1997. WATE CONTAINER CAVITY SIZE DETERMINATION. BBAA0000O-01717-0200-00026 REV 00
LAS VEGAS, NV: CRWMS M30. ACC: MOL.19980106.006! :
(20) DETAIL A
*» REFER TO SK-0202 REV 00 24-BWR WASTE PACKAGE ASSEMBLY WELD CONF IGURAT1ON" SK-0184 REV 00 | SHeeT 2 oF 2

Attachment I




@1318 TRUNNION COLLAR SLEEVE OD

'y/

Page I-9

h>\
// .
— > T
7 s.‘y///ﬁ//////é/%//hh ~ // \
'l ' PN 1
——— /
= ®
~
4/ — I
L 7<
AR I~
’| IS Ii“ ' . \
Ji‘— [ HITHIHHTAAAA, /] / o1
et —————vesl 1
ﬂ; ";: / \ n
: Vg -
rg Ei / ~—x o
o ;| .
1
2 2 N
z
' Zi
3105 w/“ / \
Z / g O
g
H DETALL A
2 DETAL B
2l
Zi MASS | arY REVISIONS
2 WELD MATERAL %o | o
é: [ SFA-5.14 N06022 | 11 1 0 I-ssuu APPROVED —— v } = }u‘::"
E: 2 SFA-5.14 N06022 | 28 1 :
2 3 SFA-5.14 N06022 | 13 i - -
'i 4 SFA-5.14 N06022 | 2.4 2 FOR INFORMATION ONLY
5 SFA-5.14 N06022 | 3.0 i
5 SFA-5.9 531680 30 2 24-BWR WASTE PACKAGE ASSEMBLY WELD CONFIGURATION
7 SFA-5.14 N06022 | 11 2 _
8 SFA-5.14 N06022 | 6.5 2
\/\~ SEE DETAIL B g SFA-5.14 N06022 | 11 i SKETCH NUMBER: SK-0202 REV 00 “/ 0 Sflﬂbv
: TOTAL ALL(l)g 22 WELDS gi:: :: :g:ggg 12994 : SKETCHED BY:  BRYAN HARKINS ()"0 ) ‘
SECTION A-A : TOTAL 316 WELDS SFA-5.9 531680 59 - , UNITS: mm |pate 03/07/00 ‘6 i")\ﬁ\w"ﬁ“
DO NOT SCALE FROM SKETCH FILE: ‘ /home/pro-librorylcheckouf/sketcheledbwr;sk-OZOZ.dug
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@ 1330 TRUNNION COLLAR SLEEVE 0D
@305 OUTER SHELL LID LIFTING FEATURE OD

BASKET SIDE GUIDE \ I

FUEL BASKET B-PLATE

TRUNNION COLLAR SLEEVE

@ 1250 OUTER SHELL 0D

P1210 OUTER SHELL 1D

' (@) @ 1210 INNER SHELL OD
@110 INNER SHELL 1D
FUEL BASKET E-PLATE
BASKET CORNER GUIDE
(THERMAL SHUNT) T ORAER,
BASKET CORNER GUIDE
231.5 TYP
12°pL OUTER SHELL
e INNER SHELL
WELD -
: FUEL BASKET TUBE
=—— 1227 OUTER SHELL EXTENDED L 1D —=]
—— 31213 OUTER SHELL CLOSURE L1D —=
SEE DETAIL A ' 231.5 TYp
SEE DETAIL € SEE DETAIL D
SHEET 2 _\ SHEET 2 }_\ SHEET 2 12 PL
‘ —meseees FUEL BASKET D-PLATE
) W 7N T 2 7777
] -
- Q]
COMPONENT NAME MATERAL THCKNESS % | o _J__U
BASKET SIDEGUIDE SA-516_K02700 0 28 32
] BASKET SIDEGUIDE STIFFENER SA-516_K02100 0 0.50 | 64 FUEL BASKET A-PLATE
r _l BASKET CORNER GUIDE SA-516 K02700 10 48 16 FUEL BASKET C-PLATE
y 1% BASKET CORNER GUIDE STIFFENER SA-516_K02700 0 25 | 3
FUEL BASKET A-PLATE NEUTRONIT A 878 7 76 4 BASKET SIDEGUIDE
5281 EANER B B FUEL BASKET B-PLATE NEUTRONIT A 978 1 76 ] STIFFENER
' TR FUEL BASKET C-PLATE NEUTRONIT A 978 7 34 6
5121 INNER SHELL 1(3)3, FUEL BASKET D-PLATE SB-209 A96061 T4 5 9 1
5651 CAVITY FUEL BASKET E-PLATE SB-209 A36061 T4 5 19 1 SECTION B-E
FUEL BASKET TUBE SA-516 _K02100 5 187 12 '
" [NNER SHELL SA-240 $31600 50 7589 i
TNNER SHELL L1D SA-240 §31600 70 538 2 ®
TNNER LID LIFTING FEATURE SA-240_$31600 21 12 i
OUTER SAELL SB-575 N06022 O 3666 ! REVISIONS
EXTENDED OUTER SHELL LID $B-575 N06022 25 104 i = v W | o
EXTENDED QUTER SHELL LID BASE $B-575 N06022 25 226 f 20 ISS7E) MPPROVED & juszen
EXIENDED L1D RE'NFORCE“ENT Rl"G SB-515 N06022 50 76 1 L1} 20 OUTER SHELL THICKKESS “WAS" 25, REVISION TABLE “ADDED® BH 4372310
OUTER LID LIFTING FEATURE $B-575 N06022 21 3 2
OUTER SHELL FLAT CLOSURE LID $B-575 N06022 0 100 [
OUTER SHELL FLAT BOTTOM L1D $B-575 N06022 25 250 i
UPPER_TRUNNION COLLAR SLEEVE $B-575 N06022 I 408 i ” “
4 T /\/ > 3 LOWER TRUNNTON COLLAR SLEEVE SB-515 N06022 10 400 i FOR INFORMATION ONLY
1 INNER_SHELL SUPPORT RING §B-575 N06022 20 32 i 2-PW W
265 - WR LONG WASTE PACKAGE CONFIGURATION
195 TOTAL ALLOY 22 WELDS SFA-5.14 N06022 - 196 | s FOR SITE
{ — l TOTAL 316 WELDS SFA-5.9 531680 - 67 M OR RECOMMENDATION
' WASTE_PACKAGE ASSEMBLY - - 19541 | 1
! T - - TraTR R SKETCH NUMBER: SK-0183 REV 0 SHEET | OF 2
SEE DETAIL B Fe————@ 1116 INNER SHELL LID —= WP ASSEMBLY WITH SNF 30121 i ﬁ' 1,00 B.C. for SHE
SHEET 2 X - - SKETCHED BY:  BRYAN HARKINS ol 3/23)00
@1216 OUTER SHELL L1D —— « CRUMS MBO 1997. WASTE CONTAINER CAVITY SIZE DETERMINATION. BBAA0000O-01717-0200-00026 REV 00 LBM e, DDQSQ- 3423/ 20
LAS VEGAS, NEVADA: CRWHS M3O. ACC: MOL. 19980106-0061 UNITS :mm |DATE: 03/23/00 5,22
SECTION A-A st REFER TO SK-0205 REV 00 *|2-PWR LONG PACKAGE WELD CONF!GURATION® DO NOT SCALE FROM SKETCH |FILE: home/pro_ilibrory/checkout/sketches/12pur/(2pur 1ong/SK-0183. dwg

Attachmént I
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20

TP 2TL’\

DETAL D

6" TP 2 PL

R3 TYP 2PL

R3 TYP 2PL

5.7T T\p 2 PL

=

¥{H]

/_'.l"\

I

SANNNARRNNY

/— OUTER SHELL EXTENDED LID

/— EXTENDED LID REINFORCEMENT RING

t

1-IO CLOSURE L1D

SHELL LID

25
T f 45
0 125
~ 10 CLOSURE LID WELD
/)
— 25 EXTENDED LID BASE
100 /\ /| Y
¥ 4 |
N 30 EXTENDED L1D
» TO OUTER LiD GAP |
\ / /S S S S )
s 1P —6° TIP 2PL !
h" TIP 2pL
30 INNER SHELL LID TO
340 i00 / CLOSURE LD GAP
V 70 INNER
y [w BASKET TO INNER SHELL
7’ LID GAP
R3 TYP ZPL—/ /(
-

i 5.7 TYP 2PL

DETALL A

\Z//i//W

10 TYP

DETAIL C

OUTER LID LIFTING FEATURE

INNER LID LIFTING FEATURE

l °

i %
7
7
/

345

/ 70 SUPPORT RING

25 OUTER SHELL
FLAT BOTTOM LID

7

! 1

DETAL B

SK-0183 REV O1 ]smzorz

Page I-11
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m@mmmm

}
6 5 h 4 1 [ 3 1 Y P |
[ALL _SHEETS ARE THE SAME REVISION STATUS | iowrTiey ,tm,::::m s DATE APPROWD
s 1D,
(L
D D
LD 3
™mm
)
1.1 N
" \
o .
- /e_——rés ™ \
"
AN -GN ;
| \
¢ ' I C

%

eI ol

7

/

[ ]
b

4 /0N
y

S

3

NN

¢

B
DETAIL A
SCALE 0.625
| / DETAIL B .
i SCALE 0.625
/ L WTES i ol
/ wELD | SFA-S.1d Woso22 | 11 | 1
/ / WELD 7 SFA-5. 14 N0GD22 | 28 | |
y me Tt LT Turmatin aad Conglebiness, He Apouds fupred . S48 afaoe |
A St LD ‘““55-" Nosozz 4 3.0 | 1 “FOR INFORMATON ONLY* APFAGYALS WITIALIBATE WASTE PACKAGE OEPARTMENT A
: :ttt; : :::_s.'l" ‘:o':::z :: : THIRD ANGLE PROJECTION :?EEE:J::S " \ ! o g e
f e e T ¢z Scort sewncrt \\\ 12-PHR LONG WASTE PACKAGE
SECTION A-A o e “euar coom WELD CONF IGURAT
- AL AT | ON
ste ocTaL 8 SCALE 0.062 o uior e | st AT | wd MR s e o T NS T e
TOTAL 316 WELDS SFA-5.9 $31680 §? 50 ¥OT SCALE FROW SYETCh \ §K-0205 0
SCMLE 0825 | SEEET 1 OF |
8 I 6 5 A 4 | 3 | 2 | |

Page I-12
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e

| @2110 TRUNNION COLLAR SLEEVE OD

@ 1997 OUTER SHELL EXTENDED LID —=
@ 1983 QUTER SHELL CLOSURE L1D0 ————=

SEE DETAIL A
SHEET 2 SEE DETAIL €
T~ - SHEET 2
N\ v A
/ '
| |
]
r. e ¢ § oommem 2 o c— oo dam s o ommmm s e el -n‘
B i B
]
32
3590 L/ V\ INNER
) 3030
Jate e, AN s
1

@305 OUTER SHELL LID LIFTING FEATURE 0D

\

[\

\

ANIIR NEAN AN

00
SHELL

v 1 "
?__,4——¢|aas INNER SHELL LID ——————
SEE DETAIL B

SHEET 2

¢|98§ QUTER SHELL LID ————————==

SECTION A-A

614 TYP

! #2030 OUTER SHELL 0D
@1980 OUTER SHELL 1D

@1980 INNER SHELL 0D
1880 INNER SHELL 1D

12.7 TYP

arY
COMPONENT NAMVE WATERAL THORNESS RO @501.5 SUPPORT TUBE 1D
DIVIDER PLATE SA-516 K02700 12.1 (0.5 5
INNER BRACKET SA-516 K02700 25.4 ( 1*) 5 $565 SUPPORT TUBE 0D
OUTER BRACKET SA-516 K02700 12.7 {0.5%) 5
SUPPORT TUBE SA-516 K02700 31.75 €1.25%) | 1265 ]
INNER SHELL SA-240 $31600 .50 1621 | SECTION BB
INNER SHELL LID SA-240 $31600 80 1765 2 '
ENNER LID LIFTING FEATURE SA-240 $31600 21 12 i
OUTER SHELL SB-575 N06022 25 4692 |
EXTENDED OUTER SHELL LID SB-575 N06022 25 112 ]
EXTENDED OUTER SHELL LtD BASE $B-575 N06022 25 629 1
EXTENDED OUTER LID REINFORCING RING|  $B-5715 N06022 50 129 i
OUTER LID LIFTING FEATURE $B-515 N06022 21 13 2 REVISIONS
QUTER SHELL FLAT CLOSURE LID SB-575 N06022 10 268 1 REV DESCRIPTION DRW BY| DATE
OUTER SHELL FLAT BOTTOM LID S8-575 N06022 25 669 ! 00 [1SSUED APPROVED DGM | 1/26/00
UPPER TRUNNION COLLAR SLEEVE SB-575 N06022 40 655 1 Ol |IN SECTIION B-B @ 565 SUPPORT TUBE OD °WAS* D DGM {4/21/00
LOWER TRUNNION COLLAR SLEEVE SB-575 N0G022 40 642 | 02 ungngg g%égngTza!‘ihg,O;AgE%R;LDANENSION 470 OETAIL A | gy 14/25700
INNER SHELL SUPPORT RING SB-575 N06022 20 53 ]
TOTAL ALLOY 22 WELDS SFA-5.14 N06022 . 323 L e 03 | N ReVis IOk gfééﬁwngeséo.'??25385%&157725/00, £Jc {6/5/00
TOTAL 316 WELDS SFA-5.9 S31680 - 133 see *ADDED" REVISION BALLOONS TO SECTION B-8 AND DETAIL *A®
WASTE PACKAGE ASSEMBLY - - 23360 !
HLW GLASS ASSEMBLY - - 25008 5 “FOR INFORMATION ONLY"
18" CANISTER SHORT - - 22700 I
A7 ASSENDLT WITH SN ' : e 5 DHLW/DOE SNF - SHORT WP ASSSEMBLY

l WASTE ACCEPTANCE SYSTEM REQUIREMENTS DOCUMENT. £00000000-00811-1708-00001 REV 03,
DOE/RW-035t. ACC: H0O.19990226.0001, PAGE 18, SECTION 4.2.3.1.A.4.

s¢ UNITED STATES DEPARTMENT OF ENERGY 1998. DESIGN SPECIFICATION FOR DEPARTMENT OF ENERGY
STANDARDIZED SPENT NUCLEAR FUEL CAHISTERS, VOLUME 1, OESIGN SPECIFICATION, REV 01.
WASHINGTON D.C.: UNITED STATES DEPARTMENT OF ERERGY. TiC: 241528

ese SEE SK-0197 FOR WELD CONFIGURATION AND MASSES .
UNITS: mm

DO NOT SCALE FROM SKETCH'

CONFIGURATION FOR SITE RECOMENDATION

SKETCH NUMBER: SK-0196 REV 03 SHEET | OF 2

SKETCHED BY:  EUGENE CONNELL //C s SmB Tor MTA
96/04/00 oo otleefo®

DATE: 06/05/00

FLE: Ihome/pro_library/checkout/sketches/Sdhiw_short/3k-0196_rev03.dwg
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/777777

25— A

™\

)

70 SUPPORT RING

e
/|
Rs Tre 17 N
us o
N |35"\‘20 |
N ~ /1
125 ‘5i {
\ } 100
s
W—= |—
DETALL B

= IO

['— 27 TP

ﬂ/f“\ UTER L1D LIFTING FEATURE
M
LS

' \
RID TYPM
INNER LID LIFTING FEATURE

6 TIP 2 PL ¥R 2R
25 TYP = - /—(xmmsn OUTER LID REINFORCING RING
) /
R3 TYP 2 PL —] / ) o
p . //%////// R25
¢ 45 i ///////////////n,
\y / {25
50 TYp
— 25 QUTER LID
o / /} 30 CLOSURE LD TO OUTER LID GAP
\ S —
L 10 cLosure L1 weL
RS mf M‘t?’ TP 2 PL 10 CLOSURE LiD
—= 6 1P 2 PL
100 / 30 INNER LID TO CLOSURE LID GAP
" 80 INNER L1D
340
\ I~
/ / \ \ RS TP 2 PL
Y% s
25— il \
/ 15 TYP
i F
(40}
.—"L‘>/
20 —= ~ i, —ihsamrae
(25)
(50}
DETAIL A

DETAIL C

44 — 25 OUTER SHELL FLAT BOTTOM LID

SK-0196 REV 03

SHEET 2 OF 2
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@2110 TRUNNION COLLAR SLEEVE 0D
| ,
2.1
121
2
\ ! @,
= ™
- A
@\ '/ N
\ \
SEE DETAIL A s
| 4
< ! ?
| / )
| / 174
I @\ %
| %
| N
]
|
i
I DETAIL A
]
| 3590 \\
|
i
MASS | ary
WELD MATERIAL
« L DETALL B
| i SFA-5.14 N06022 18 [ _ :
' 2 SFA-5. 14 NO6022 45 i
| 3 SFA-5.14 N06022 121 ] REVISIONS
| nev | DESCNPTION | omsoy | oare
| 4 SFA-5.14 N0602? 4.1 2 60| ISSUED APPROVED [ e [earieree
X 5 SFA-5.14 N06022 4.9 I
6 SFA-5.9 $31680 67 2 - .
! FOR INFORMATION ONLY" -
| 1 SFA-5.14 N06022 1 2
! 8 SFA-5.14 N06022 T 2
SIS TSN STSSSSINSTOSSY ; s v T oe T 5-DHLW/DOE SNF - SHORT WELD CONFIGURATION
Z ' 0 SPA-S M Nosozz | 48 | SKETCH MMBER: SK-0197 REV 00 b
[ TOTAL ALLOY 22 WELDS | SFA-5.14 N0OG022 325 - @\( wo Q)ws\*’
: TOTAL 316 WELDS SFA-5.9 $31680 133 - SKETCHED BY: BRYAN HARKINS afv b E)ﬂ\
SEE DETAIL B : _ 10 PARATY
SECTION A-A UNITS: mm |pATE 03/10/00 AP M.apv
0O NOT SCALE FROM SKETCH ey p. Ibonelpro-librcryl:luloufluekhesISth-ISdbIv-shortl;k-bls‘lrevoo.dvgJ
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8 1 l 6 5 \ 4

3

| [

xlmsL 610 2% o mml

1814 TRUNNION COLLAR SLEEVE 0D
@305 OUTER SHELL LID LIFTING FEATURE 0D

@1701 OUTER SHELL EXTENDED L1D ——o-
@ 1687 QUTER SHELL CLOSURE L1D ——f

SEE DETAIL ¢
/_LZ_ SHEET 2

W77 2 7

SR

4607
BASKET LENGTH CAVY

SEE DETAIL A
SHEET 2

SEE DETAIL O
SHEET 2

P22 222222004

4821
INNER SHELL

/OIS,

@8

VA 1

f'/ ! L. 195
@ 1590 1NNER SHELL L1D —=
SEE DETAIL B EE DETAIL €

$
SHEET 2 j=—— @ 1690 OUTER SHELL LID SHEET 3

SECTION A-A

|LALL SHEETS ARE THE SAME REVISION STATUS }

REV

DESCRIPTION

BATE APPROVED

FOR REVISIONS SEE SHEET 3

10 TYP —effa—

SECTION B-B

1584 TYP ———=

~@ 1734 OUTER SHELL OD

@ 1684 OUTER SHELL 1D

@1684 INNER SHELL OD

@ 1584 INNER SHELL 1D

326 TYP

@600 TYP

FOR

INFORMATION ONLY"

“FOR INFORMATION ONLY"

APPROVALS

MITEAL /BATE

THIRD ANGLE PROJECTiON

@t

SKETCHED BY
BRYAN HARKINS

Ll roriorey

DIMENSIONS ARE IN WILLIMEVERS
AND DEGREES UNLESS OTHERWISE NOTED

T TIne
$TSCOTY BEANETT s /! [ro/s0
T
MHERRY COOM “/D/aﬂ

DESIGN GROUP MGR
MICHAEL ANDERMCH]
<

C A Wefeo

mhﬁnhﬁm
MANAGEMENT 5 OPERATING

2-MCO/2-DHLW WASTE PACKAGE
CONFIGURATION FOR SITE

RECOMMENDAT 1 ON

DO MOT SCALE FRON SKETCH

SKETCN WWRBER

REVigion

SCALE

SK-0198 o
.08 |

SHEET |

8 1 | 6 | 5 | A

| 3

o~ —

2
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f

8 | T | 6 5 v 4 I 3 1 l

TR 2 P’L'—‘ - Fomen . (;)205 TP
5.7 TYP 2 PL ; ] —/“\
\ [ SOONONNNNN

15 TYP

DETAL D@ Rio T"’/ DETALL C

— R25
25 TYP /“

i= v

— 30 CLOSURE L1D TO OUTER LID GAP
100 \ \
'R
1
, 1 T T T t_
ek l 10 CLOSURE L1D WELD
RS TYp — § TYP 2 PL L 10 CLOSURE L1D
oy 100 /J L 30 INNER L1D TO CLOSURE LID GAP
105 INNER LID
RS TYP
A
us 100
70 SUPPORT RING
20 — 25 OUTER SHELL
/,\ FLAT BOTTON LID
45'/\ | R3 TYP 2 PL a
vl 125 {
I R3 TYP 2 PL 100
25 —
(20) Tl | SN
(40)
(25)
(50
WASTE PACKAGE DEPARTMENT
Waste
MANAGEMENT & OPERATING
mAIL A N SKETCH MBER REVISION
SK-0198 o
SCALE 08 | SHEET 2
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i |

4
i

8 7 6 ' 5 v 4 3 [ I > !

Page 1-18

CAL-EBS-ME-000011 REV 00

; TABLE
1 REV DESCHPTION DRW BY | OATE
00_| ISSUED_APPROVED T DM__| 01725700
MASS 9743 "WAS® 9730, MASS 641 "WAS" 1647, MASS 5697 "WAS® 4670,
MASS 561 "WAS® 558, MASS 550 *WAS* 547, NASS 276 "WAS® 214,
o1 |MASS 23801 *WAS® 2845, MASS 49300 *WAS" 48066, THICKNESS 25 "WAS® 20, ai | 03709700
SKETCHED BY *WAS* ORIGINATOR, *CREATED® DETAIL D, "ADDED* @ TO DETAIL C,
*DELETED® WELD DIMENSIONS FROM DETAIL A :
D
MASS 23159 *WAS® 23081, MASS 49378 "WAS® 49300, "ADDED" FUEL SUPPORT ASSEMBLY,
02 | MODIFIED COMPONENTS LiST, *CREATED® DETAIL E, MOVED COMPONENTS LIST T0 SHEET'3.| g | 0s/18/00
“MOVED* REVISION TABLE TO SHEET 3, *MODIFIED REVISION TABLE FORMAT,
*ADDED" DIMENSIONS TO SECTION 8-B,
, 03 |DOE/RW-0351 "WAS* DOE/RW-0315P, *ADDED* NEW FORNAT, *MODIFIED" REVISION TABLE EJC | 06709700
L
r@ 04 [8746.4 MCO MASS WAS 8909.6, REFERENCE CHANGED, 49052 LOADED WP MASS WAS 49378 B | 11710700
\/ 5 TYP FUEL SUPPORT PLATE COMPONENT NAVE SATERAL THOTESS wss any
C S TYP FUEL SUPPORT ASSEMBLY ' A-PLATE SA-516 K02700 10 571 2
a5 \ IV“U-ET WELD FUEL SUPPORT PLATE SA-516 K02700 5 19 2
/| FUEL SUPPORT CYLINDER SA-516 K02700 5 20 2
\ i t INNER SHELL SA-240 $31600 50 @ 9143 I
/] INNER SHELL LID SA-240 531600 105 @) 1641 2
\ INNER L1D LIFTING FEATURE $A-240 $31600 21 12 I
OUTER SHELL - $B-575 06022 @ 25 @) 5897 1
—" \/ 270 1YP EXTENDED OUTER SHELL LID $B-575 N06022 25 146 |
FUEL SUPPORT CYLINDER EXTENDED OUTER SHELL L1D BASE $B-575 N06022 25 450 |
] EXTENDED OUTER LID REINFORCING RING $B-575 N06022 50 108 |
OUTER LID LIFTING FEATURE $B-575 N06022 21 13 2
\ OUTER SHELL FLAT CLOSURE LID $B-575 N06022 10 194 |
b OUTER SHELL FLAT BOTTOM LID $B-575 N06022 25 484 I
% UPPER TRUNNION COLLAR SLEEVE $8-575 N06022 I @ s61 |
B LOWER TRUNNION COLLAR SLEEVE ~ SB-575 N06022 40 @ 550 !
o INNER SHELL SUPPORT RING $8-575 N06022 20 45 |
TOTAL ALLOY 22 WELDS SFA-5. 14 N0G022 . @ 216 e
TOTAL 316 WELDS SFA-5.9 $31680 - 164 e
DETALL E TOTAL CARBON STEEL WELDS SFA-5.18 K10726 - 0.37 ree
WASTE PACKAGE ASSEMBLY - - (@)@ 23159 1
HLW GLASS ASSEMBLY - - 4200+ 2
— NCO : . . (008746, 411 2
WP ASSEMBLY WITH SKF - . - @|@@) 49052 @) 1
s WASTE ACCEPTANCE SYSTEM REQUIREMENTS DOCUNENT. E00000000-00811-1708-00001 REV 03,
DOE/RW-0351. ACC: HQO.19990226.0001, PAGE 18, SECTION 4.2.3.1.A.4.
% U.S. DEPARTMENT OF ENERGY 2000. N REACTOR (U-METAL) FUEL
CHARACTERISTICS FOR DISPOSAL CRITICALITY ANALYSIS. DOE/SNF/REP-056
A REV 0. U.S. DEPARTMENT OF ENERGY. TIC: 247956
ses SEE SK-0199 FOR WELD CONF IGURATION AND MASSES.
WASTE PACKAGE DEPARTMENT
Wanie
MANAGEMENT & OPERATING
SKETCH NUNBER REVISION
SK-0198 ol
SCALE 08 | SHEET 3

8 7 ] 6 5 A 4 3 2 T |

Attachment 1



@ 1814 TRUNNION COLLAR SLEEVE 0D

Page I-19

2 7'/<
A A 4 /\
"' ) J 1 2 ' [‘ /\
1 \ 1 1 \ A\ \
6
: A ! ><§
N | / o
SEE DETAIL A / \
e e e / A
WL L 2277 N, 7
N\
SN N\
| N
s: b
' DETAIL A v
|
l' REVISION TABLE
l‘ ln" 1SSUED_APPROVED |w:'WL"#':—o‘ ’ [3 / / // /
FUEL SUPPORT ASSEMBLY WELD ADOED TO WP ASS['I.Y{ [I] 108100 /
WELD SYMOOL FOR FUEL SWPPORT ASSEMBLY WELD AODED 10O DETAIL 8 [1] 104/
FUEL SUPPORT ASSEMBLY WELD ADDED TO WELD TABLE AS WELD i1 [T] 1097
[ TOTAL CARBON STEEL WELDS ADDED 10 WELD TABLE [ BN {os/e9701] o
[} LOCATION OF BETAIL B FROM SECTION A-A WAS MODIFIED 8K 057097 fj\ ~
WELD MATERIAL "o | o 4 //
1 SFA-5.14 N06022 15 |
2 SFA-5.14 N06022 38 | a/ /
3 SFA-5.14 N06022 107 | _
4 SFA-5.14 N06022 3.5 2 W DETAL B
5 SFA-5.14 N06022 4.2 I
6 SFA-5.9 S31680 82 2 -FOR “FmMATIm MY-
7 SFA-5.14 N06022 5 2
8 SFA-5.14 N06022 9.1 2
9 SFA-5.14 N06022 15 I 2-MCO / 2-DHLW WASTE PACKAGE WELD CONFIGURATION
10 SFA-5.14 N06022 41 |
- SKETCH NUMBER: SK-0199 REV 0)
SECTION A-A SEE DETAIL 8 ® i SFA-5.18 K10726 | 0.19 2 6* o b
0] TOTAL ALLOY 22 WELDS SFA-5.14 N0022 216 - SKETCHED BY: BRYAK HARKINS \v‘\.o 28 g
TOTAL 316 WELDS SFA-5.9 31680 | 164 | - UNITS: mm  |paTe 05709100 ,L‘{M‘] S

@TOTAL CARBON STEEL WELDS SFA-5.18 K10726 0.38

DO NOT SCALE FROM SKETCH |mLE

Ihome/pro_library/checkout/sketches/2meo_2dhlw/sk-0199rev0l .dwg
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@ 1949 TRUNNION COLLAR SLEEVE OD
@305 OUTER SHELL LID LIFTING FEATURE OD

@ 1869 OUTER SHELL OD

@1819 OUTER SHELL 1D

@1819 INNER SHELL OD

@719 INNER SHELL 1D

f=— 51836 OUTER SHELL ———]
EXTENDED LID

b=—— 5 1822 OUTER SHEL([ ——»
CLOSURE LID

SEE DETAIL A - see peTaiL ¢ SEE DETAI
SHEET 2 \ SHEET 2 J\ SEEDETAIL D
-y 3

" v ny

5675 INNER SHELL

2
® -

Page 1-20

CAL-EBS-ME-000011 REV 00

1
l
6065 i
| COMPONENT NAME MATERIAL Tooess | WSS [ OTY _ SECTION BB
| TNNER SHELL SA-240 531600 50 12312 |1
' INNER SHELL L1D SA-240 531600 130 2390 | 2
5415 INNER SHELL I INNER LID LIFTING FEATURE SA-240 §31600 27 12 |
CAVITY | OUTER SHELL SB-575 N06022 25 1430 [
| EXTENDED OUTER SHELL LID SB-575 N06022 _ 25 158 i
. EXTENDED OUTER SHELL LID BASE $8-575 N06022 25 528 [
| EXTENDED LD RE(NFORCEMENT RING SB-575 N06022 50 s |
, OUTER LD LIFTING FEATURE $8-575 N06022 21 13 2
| OUTER SHELL FLAT CLOSURE L1D SB-515 N06022 10 221 [
. OUTER SHELL FLAT BOTTOM LID SB-575 N06022 25 564 [
UPPER_TRUNNION COLLAR SLEEVE SB-575 N06022 40 604 ; . .
| LOWER TRUNNION COLLAR SLEEVE $B-575 N06022 20 592 ! FOR INFORMATION ONLY
! INNER SHELL SUPPORT RING §B-575 N06022 20 49 i
| TOTAL ALLOY 22 WELDS SFA-5.14_H06022 - 298 | NAVAL SNF LONG WASTE PACKAGE CONFIGURATION
! TOTAL 316 WELDS SFA-5.9 531680 - 43 | n
J WASTE PACKAGE ASSENBLY - - 28005 | 1 FOR SITE RECOMMENDATION
NAVAL SNF - - da452¢ | | SKETCH NUMBER: SK-0194 REV 01 SHEET | OF 2
z : WASTE PACKAGE WITH SNF - - 12451 |
’ - ' _ #IMAXINUM EXPECTED PARAMETERS FOR NAVAL REACTORS CANISTERS® 10/29/97 FROM: RICHARD GUIDA SKETCHED BY: GENE CONNELL AFC smd o b
SEE DETAIL B Fe—@ 1725 INNER SHELL LID ] TO: RUSSELL DYER. MOL.!998012t.0011 UNITS: mm olf 2 /oo "lﬁjoo A P"lo
SHEET 2 1825 OUTER SHELL LID—] *4REFER TO SK-0195 REV 00 *NAVAL SNF LONG WASTE PACKAGE WELD CONFIGURATION® DATE: 01711700 705 4600 '(
| SECTION A-A DO NOT SCALE FROM SKETCH {fg. /homefpro_librory/checkout/sketches/navalinaval saf long/SK-0194. dwg
|
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|

P TP 2P

EXTENDED OUTER SHELL L1D

/_‘ :T 6 .TYP. 2P
;;77,__

N

[o—

DETAIL D

R3 TYP 2 PL

51TYP 2 PL

205 Typ

/

1
|

7

I

5/

?
OUTER LID LIFTING FEJLTURE

LLLL' ,Ll'_’.LJ
’ \ - 27 TP
'l ’ — 30 TYP
AN AN J
m<'\'<<<t<t<<<e'\'\” J
| | BN J
— 15 TYP

L 10 CLOSURE LID

130 INNER SHELL LID TYP

EXTENDED LID REINFORCEMENT RING
L 25 50 np/
25 45
R25
i
t 40 20
. 125
19 CLOSURE
) LID WELD
45° . :
/ | {7 25 EXTENDED LID BASE
100 A5 \\-——- \ 1
N I 30 extewoeo Lo
\ \ TO OUTER L1D GAP
N AN N U VO U N N N N N Y I
6" TYP 2PL I I
— : 3 TYP 2L
RS
' — 30 _INNER L1D TO
CLOSURE LID GAP
340 \
3TYP 2Rt
45°
25—+
(40)
(25)

N

/]

DETALL C

7

INNER LiD LIFTING FEATURE

RID TYP

70 SUPPORT RING

T
25 i \\\
\
45" TYP 4 ~——_
v///\\ \
[ \
//\ i
I
345 5 TYP \
100 )
N
\4\5° TYp l
/ 25 OUTER SHELL FLAT BOTTOM LD
Y- AN
s w o
125 / i
45°
50‘/ B 20
et~ 40 -
DETAL B

o| SMB ,d‘&”

SK-0194 REV .00 Ierrztrz
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8 l 7 6 5 j 3 | Img?m ' s SE10-33 sounm warams I
(AL SHEETS_ARE THE SANE REVISION STATUS | o Tory j T Tl e prerTn
s m
" —y ®\
®\ \ 1
- x }\\\\\\\\\\\}\\\\\.. ¥s
1] @\ H > e,
= =
SEE OETAIL A '
—\’\ e N P \\
, <1 E |
I E o’
i e e [N\
. Z N
I \ ] u \/
' ws a2
| AN W
t \ =% \
| / R p
|
1 » \ LRl <
I ws ~
1 \ \'-"J
i \ Ty
|
|
]
| DETAIL A
i SCALE 0.625
N [}
E I s
]
i N DETAIL B
X SCALE 0.625
l s KATERTAL Y
i WELD | SFA-5.14 Nos022 | 16 | |
WELD 2 SFA5. 14 Wos022 | 41 | 1
! WL 3 SFA-5.14 NO§022 | 116 | 1
| WD 4 SFAS. 14 Nos0zz | 3.8 | ¢
N 1 WELD § SFA-S. 14 08022 4.5 1 “FOR INFORNATION ONLY- APPROVALS INITIALZOATE WASTE PACKAGE DEPARTMENT
XL 72 7L ::t: : ;_F: :.'I" s“z':::z 'f: ; THIRD ANGLL FROJECTION s:?:'ﬁ ',:M:“ s B 28Marcloo ! WANAGELENT & OPERATIG SONTASTOR
WD 8 STA-S, 2 . S T SEmt °
f/ ! Ty stis o | T & e st 5; f:‘,’:}” NAVAL SNF LONG WASTE PACKAGE
R YLD 10 SFA-5. 14 N0602 JERRY COGAR WELD CONF |
SEE DETAIL B ggﬁg EI ON 0 é 5 é TOTAL ALLOY 22 WELDS sr:-s. :: :oe:z; z‘s‘a I AN DEGRECS UNLESS OTEERMISE RorED ‘“Smn v AN S‘Ha, SKETCH Wwein OURAT I(l)zt“lswl
. TOTAL 316 WELDS SFA-5.9 531680 | 248 YT N s lsx-ows __ oIOOF |
8 | 7 6 5 A | 3 2 | |
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Attachment II: CAL-EBS-ME-000011 REV 00 Page I1-1
TEVarGapCalcs 21PWR V1.0.mcd

Various Shell Gap Sizes for the 21-PWR WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 : range from 0 to 10 with an interval of 1

gap; = j-O.OOOlQm range of shell gap sizes between the shells from which
the outer shell stresses are to be calculated




Attachment II: CAL-EBS-ME-000011 REV 00 Page I1-2
TEVarGapCalcs 21PWR V1.0.mcd ‘

Dimensions of the waste package cross section
and the inner cavity length (Section 5.1.3):

r;:=0.712:m inner shell inner radius
Outer Shell
th; := 0.050-m inner shell thickness
Rj:=r; + th inner shell outer radius
R,:=R; + gap outer shell inner radius
thy := 0.020-m outer shell thickness
o =R, + th, outer shell outer radius Gap
L :=4.585m inner cavity length £_ \nner Shell

Material Properties.

-6 m

O :=17-10 s mean coefficient of thermal expansion for 316NG SS
m- .
9.7.10" 8 —= | (Section 5.1.1)
in-degF
Qalloy22 := 12.6-10° GL mean coefficient of thermal expansion for Alloy 22
m- .
701075 —= | (Section 5.1.2)
in-degF
GPa:=10°-Pa MPa := 10°%.Pa ksi := 10> psi
E, :=206-GPa E, =299 106~psi outer shell elastic modulus (Section 5.1.2)
E;:=195.1-GPa E; =283 106-psi inner shell elastic modulus (Section 5.1.1)
vy :=0.278 outer shell Poisson's ratio (Section 5.1.2)

v;:=0.298 inner shell Poisson's ratio (Section 5.1.1)
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K;:= 17.3-—v—v— inner shell thermal conductivity | 10.0 _BIU (Section 5.1.1)
m-K hr-ft-deg F

K,:= 13.4i outer shell thermal conductivity | 7.75 _BIU (Section 5.1.2)
m-K hr-ft-deg F

Gy alloy22 = 222MPa Gy alloy22 = 32.2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 5.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. gr represents the
corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room
temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
of the spent nuclear fuel.

293 0.0
330 ' 11799.9
357 11762.5
381 10846.7
411 7192.8
Tos:=| 426 |K outer shell outer q;:=| 7191.7 |W overall heat transfer
413 surface temperatu.re 71824 rates (Section 5.1.5)
468 7102.3
493 6856.1
502 6540.6

\512 , 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tis, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tos values. For this part of the calculatlon Ri and R,

are equal to each other (Assumption 3.5).

Outer Shell

Inner Shell

T

The temperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface:

ATy =T} — 293K inner shell inner surface temperature change

ATy =Ty — 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

£ = o (AT) where ¢ is the strain (change in length per length), a is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = § / L (change in length per length), solving for the change in length, 3, yields the
equation for thermal expansion along a radius:

§=a RAT where § is the change in radial length, a is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

8 =04 Ry ATy change in size of the inner shell outer radius
8y = aa"oy22-Ro-ATosT change in size of the outer shell inner radius

A=(11111111111) This1x11 row vectoris used to expand the 11x1 column
vectors into matrices compatible with the 8, 11x11 matrix.

d:= AT-iSiT -3, — gap-A interference between shells

R,:=R,A outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

I =Ty A outer shell outer surface radii 11x1 column vector, expanded to
an 11x11 matrix

Pre.z,;ures)p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eqg. (2-59)):

s

o7
+
o<
+
|
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The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

Opg =| ————| 1 + — outer shell outer surface tangential stress (MPa)

A4

O i=| m————] 1 4+ — outer shell inner surface tangential stress (MPa)

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resulting plots and are for informational purposes only.

C10% = 10%'Gy.a1]0y22 10% yield strength

G10% = 22.2MPa

G 20% = 20%-Cy alioy22 20% yield strength

G0 = 44 .4 MPa
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Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; = Tos 0
0.0 mm 140.9 MPa
0.1 122.1
0.2 103.2
03 844
04 65.6
05 46.8
06 27.9
0.7 9.1
0.8 -9.7
09 -28.5
1.0 -47.3
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of

the outer shell for various gap sizes.

Stress (MPa)

2 120

—24 201

OS Outer Surface Tangential Stress

160T : :
100 sz39
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100 ! p :
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60t f !
| 444
40t S
222.2
, E /!
. ; AR
0 50 100 150 200 250
Tos —273K
Temperature (Degrees C)
— 0.0-mm gap
""" 0.1-mm gap
— - 0.2-mm gap
=== 0.3-mm gap
—(.4-mm gap The 44.4 MPa and 22.2 MPa horizontal dashed lines
----- 0.5-mm gap indicate 10% and 20% yield strength of alloy 22. These
— - 0.6-mm gap lines are for informational purposes only.
— - - 0.7-mm gap
—— 0.8-mm gap
""" 0.9-mm gap
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Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative

stresses signify that there is no contact between the shells for the corresponding gap size.

gap; =
0.0
0.1
0.2
0.3
04
05
06
0.7
0.8
0.9
1.0

Cis =
.10

144.6

1256.3

106.0

86.6

67.3

48.0

28.7

94

-10.0

-29.3

-48.6

MPa
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of

the outer shell for various gap sizes.

1607

Stress (MPa)

OS Inner Surface Tangential Stress

100

0.0-mm gap
0.1-mm gap
0.2-mm gap
0.3-mm gap
0.4-mm gap
0.5-mm gap
0.6-mm gap
0.7-mm gap
0.8-mm gap
0.9-mm gap

L
L)

100 150
Tos. 273K
Temperatur{a (Degrees C)

The 44.4 MPa and 22.2 MPa horizontal dashed lines
indicate 10% and 20% vyield strength of alloy 22. These
lines are for informational purposes only.
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Various Shell Gap Sizes for the 44-BWR WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 range from 0 to 10 with an interval of 1

gap;j := j-0.0001-m ' range of shell gap sizes between the shells from which
the outer shell stresses are to be calculated

gap;j =
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Dimensions of the waste package cross section
and the inner cavity length (Section 5.1.3):

1;:=0.727-m inner shell inner radius
: < Outer Shell
th; := 0.050-m inner shell thickness
R;:=r1; + thy inner shell outer radius
R, :=R; + gap outer shell inner radius
th, 1= 0.020-m outer shell thickness
I, =R, + thy outer shell outer radius Gap
L :=4.585m inner cavity length L. Inner Shell

Material Properties.

Ogs =17 1070 2 mean coefficient of thermal expansion for 316NG SS
m- . .
9.7.10" 8 ——— | (Section 5.1.1)
in-degF
Qglioy22 = 12.6:10° 6 -lK mean coefficient of thermal expansion for Alloy 22
m-
7.0-107 - (Section 5.1.2)
in-degF
109 6 P
GPa:=10"-Pa MPa:=10"-Pa ksi:=10"-psi
E, :=206-GPa E,=29.9 106-psi outer shell elastic modulus (Section 5.1.2)
E;:=195.1-GPa E; =283 106-psi inner shell elastic modulus (Section 5.1.1)
Vo :=0.278 outer shell Poisson's ratio (Section 5.1.2)
v;:=0.298 inner shell Poisson's ratio (Section 5.1.1)
1
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K;:= 17.3-l inner shell thermal conductivity 10.0——ET—U-—— (Section 5.1.1)
m-K hr-ft-degF

K,:=13.4 W outer shell thermal conductivity | 7.75 _BIU (Section 5.1.2)
m-K hr-ft-degF

Oy ailoy22 ‘= 222MPa Gy alloy22 = 32.2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 5.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. g represents the
corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room
temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
of the spent nuclear fuel.

293 0.0
330 11799.9
357 11762.5
381 10846.7
411 7192.8
Tos:=| 426 K outer shell outer q:=| 7191.7 (W overall heat transfer
443 surface temperature 71824 rates (Section 5.1.5)
468 7102.3
493 6856.1
502 6540.6
512 J 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tjs, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tos values. For this part of the calculation R; and R,
are equal to each other (Assumption 3.5).

Outer Shell

inner Shell

R; To
{3 “H
L i
Tjs =

+ [+ T,
2nLK, 2mLK,) |

I

The temperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface:

AT =Ty — 293K inner shell inner surface temperature change

AT =Ty — 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

£ =a (AT) where ¢ is the strain (change in length per length), o is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = 8 / L (change in length per length), solving for the change in length, 6, yields the
equation for thermal expansion along a radius:

d=a RAT  where & is the change in radial length, a is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

O 1= g Ry AT change in size of the inner shell outer radius
T L . .
8¢ 1= Uailoy22' R AT change in size of the outer shell inner radius

A=(11111111111) This1x11 row vector is used to expand the 11x1 column
vectors into matrices compatible with the 3, 11x11 matrix.

6= AT-SiT -8, — gap-A interference between shells

R, =R, A outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

I =TIy A outer shell outer surface radii 11x1 column vector, expanded to
an 11x11 matrix

Pre?guggs)p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eq. (2-59)):

_)
)
p== 2 2 2 2
Ro Iy + Ro Ri Ri +1j
— |+ V|t — - Vj
Eo Iy = R02 1 Ri2 - r12
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The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

Cysi=| ———| 1 + — outer shell outer surface tangential stress (MPa)

A4

2 2
" p(Ro) To . .
Cijg i=| ———| 1 + — outer shell inner surface tangential stress (MPa)
2 2 2
b ~R, R,

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resulting plots and are for informational purposes only.

O 10% = 10%'0'y.auoy22 10% YIeId Strength

G10% = 22.2MPa

0 20% = 20%-Cy ait0y22 20% yield strength

G200 = 44 4 MPa
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Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; = T
00| mm 1409] MPa
0.1 122.4
0.2 103.9
0.3 85.5
04 67.0
05 485
06 30.1
0.7 116
08 5.9
0.9 253
1.0 438
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of
the outer shell for various gap sizes.

Stress (MPa)

— 24 1207

OS Outer Surface Tangential Stress

Page I11-8
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Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; =
0.0
0.1
0.2
0.3
0.4
05
0.6
0.7
0.8
0.9
1.0

Ojs, =
3,10

144.5

125.6

106.6

87.7

68.7

49.8

30.8

11.9

-7.0

-26.0

-44.9

MPa
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of

the outer shell for various gap sizes.
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Various Shell Gap Sizes for the 24-BWR WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 range from O to 10 with an interval of 1

gap; :=j-0.0001-m range of shell gap sizes between the shells from which
the outer shell stresses are to be calculated

mm
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Dimensions of the waste package cross section
and the inner cavity length (Section 5.1.3):

r; :=0.549-m inner shell inner radius
th; := 0.050-m inner shell thickness
R;:=r; + th inner shell outer radius
R, :=R; + gap outer shell inner radius
th, :=0.020-m outer shell thickness

1, =Ry + th, outer shell outer radius
L :=4.585m inner cavity length

Material Properties.

-6 M

Gap

Page IV-2

<— Outer Shell

& Inner Shell

Ogs:=17-10 K mean coefficient of thermal expansion for 316NG SS
m. . .
9.7.10° - 0 (Section 5.1.1)
in-degF
Qalloy22 = 12.6-10_6% mean coefficient of thermal expansion for Alloy 22
m- .
70107 —=— | (Section 5.1.2)
in-degF
GPa:=10°-Pa MPa :=10%Pa ksi := 10> psi
E, :=206-GPa E, =299 106-psi outer shell elastic modulus (Section 5.1.2)
E; :=195.1-GPa E; =283 106-psi inner shell elastic modulus (Section 5.1.1)

vo:=0.278

v;=0.298

outer shell Poisson's ratio (Section 5.1.2)

inner shell Poisson's ratio (Section 5.1.1)
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K;:= 17.3-—W— inner shell thermal conductivity | 10.0 _BTU (Section 5.1.1)
m-K hr-ft-deg F

K,:=134 w outer shell thermal conductivity | 7.75 _BIU (Section 5.1.2)
m-K hr-ft-deg F

Oy alloy22 := 222MPa Oy alloy22 = 32.2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 5.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. qr represents the
corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room
temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
of the spent nuclear fuel.

293 0.0
330 11799.9
357 11762.5
381 10846.7
411 7192.8
Tos =] 426 |[K outer shell outer q.:=| 7191.7 |W overall heat transfer
413 surface temperature 7182.4 rates (Section 5.1.5)
468 7102.3
493 6856.1
502 6540.6
512 . 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tjs, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tos values. For this part of the calculation R and R,
are equal to each other (Assumption 3.5).

Outer Shell

Inner Shell

I

293
333.1
360.1
3838
4129
4279
4449

469.8 '
3948 - Ir—> VI
503.7 / \
5136
@ )
_\fi) _\RJ_

The temperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface:

ATy :=Tjs - 293K - inner shell inner surface temperature change

ATy :=Tys — 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

e =a (AT) where ¢ is the strain (change in length per length), a is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = 8 / L (change in length per length), solving for the change in length, 9, yields the
equation for thermal expansion along a radius:

d=a RAT where § is the change in radial length, o is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

8 = ag R ATy change in size of the inner shell outer radius
T S . .
8o 1= alioy22 Ro'AT s change in size of the outer shell inner radius

A=(11111111111) This1x11 row vectoris used to expand the 11x1 column
vectors into matrices compatible with the 8, 11x11 matrix.

o= AT-SiT =0, - gap-A interference between shells

R, =RyA outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

I, =Ty A outer shell outer surface radii 11x1 column vector, expanded to

an 11x11 matrix

Pressurej)p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eq. (2-59)):

\
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The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

Cos = ———— 1 + — outer shell outer surface tangential stress (MPa)

v

O = - 1+— outer shell inner surface tangential stress (MPa)

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resulting plots and are for informational purposes only.

C10% = 10%'Gy.a”0y22 10% yle'd Strength

C10% = 22.2MPa

G209 = 20%'0'),..‘1110},22 20% yield strength

O 209 = 444 MPa
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Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; = Gos, 1o =
00] mm 1413| MPa
04 1174
02 935
03 696
04 458
05 219
06 9
07 2538
08 296
09 735
10 973
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of

the outer shell for various gap sizes.

_2d 120t

Stress (MPa)
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OS Outer Surface Tangential Stress

160T
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1007
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40T
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»Temperaturje (Degrees C)

— 0.0-mm gap
“““ 0.1-mm gap
0.2-mm gap
= -~ 0.3-mm gap
— 0.4-mm gap
"""" 0.5-mm gap
=== 0.6-mm gap
==~ 0.7-mm gap
— 0.8-mm gap
0.9-mm gap

The 44.4 MPa and 22.2 MPa horizontal dashed lines
indicate 10% and 20% vyield strength of alloy 22. These
lines are for informational purposes only.
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Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; = cisj 10 -
0.0 mm 146.1 MPa
0.1 121.4
0.2 96.7
0.3 72.0
0.4 47.3
05 227
06 -2.0
0.7 -26.7
0.8 -51.3
0.9 -76.0
1.0 -100.6
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of
the outer shell for various gap sizes.
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Various Shell Gap Sizes for the 12-PWR Long WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 range from 0 to 10 with an interval of 1

gapj := j-0.0001-m range of shell gap sizes between the shells from which
the outer shell stresses are to be calculated

£ap;j
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Dimensions of the waste package cross section

and the inner cavity length (Section 5.1.3):

r; :=0.555-m

~ th; :=0.050-m
Ri =r+ thi
R, :=R; + gap
th, := 0.020-m
r, =R, + th,
L:=5.121m

Material Properties.

Olgg 1= 17~10_6ﬁ<

-6 M

aal]oy22 =12.6-10 ——

inner shell inner radius
inner shell thickness

inner shell outer radius

outer shell inner radius
outer shell thickness

outer shell outer radius

inner cavity length

< Outer Shell

Inner Shell

mean coefficient of thermal expansion for 316NG SS

(9.7- 108

in-degF

) (Section 5.1.1)

mean coefficient of thermal expansion for Alloy 22

m-K 6 in
7.0-.10° (Section 5.1.2)
in-degF

GPa:=10°-Pa MPa := 10°Pa ksi:= 10>.psi
E, :=206-GPa E, =299 106-psi outer shell elastic modulus (Section 5.1.2)
E; :=195.1-GPa E; =283 106-psi inner shell elastic modulus (Section 5.1.1)
v, :=0.278 outer shell Poisson's ratio (Section 5.1.2)

inner shell Poisson's ratio (Section 5.1.1)

v;:=0.298
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K;:= 17.3-1 inner shell thermal conductivity 10.0ﬂ— (Section 5.1.1)
m-K hr-ft-deg F

K,:=134 W outer shell thermal conductivity | 7.75 _BTU__ (Section 5.1.2)
m-K hr-ft-deg F

Oy ailoy22 = 222MPa Oy alloy22 = 32.2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 5.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. g, represents the
corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room
temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
of the spent nuclear fuel.

293 0.0
330 : 11799.9
357 11762.5
381 10846.7
411 : 7192.8
Ty :=| 426 [K outer shell outer q;:=| 7191.7 (W overall heat transfer
443 surface temperature 71824 rates (Section 5.1.5)
468 7102.3
493 6856.1
502 6540.6

\512 : 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tis, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tos values. For this part of the calculation R; and Ry
are equal to each other (Assumption 3.5).

Outer Shell

Inner Shell

R; To
I R;

+ qr | + Ty
2-nL-Ky  2-w-LK,

T

The temperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface:

AT;g =Ty — 293K inner shell inner surface temperature change

ATy =Ty - 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

e =a (AT) where ¢ is the strain (change in length per length), a is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = 8 / L (change in length per length), solving for the change in length, 9, yields the
equation for thermal expansion along a radius:

6=aRAT where d is the change in radial length, « is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

8 =g Ry ATy change in size of the inner shell outer radius
T . . . .
8 1= Clalloy22-Ro AT change in size of the outer shell inner radius

A=(1 111111111 1) This1x11 row vectoris used to expand the 11x1 column
vectors into matrices compatible with the 3, 11x11 matrix.

8= AT.SiT -8, — gap-A interference between shells

R, =R, A outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

I =TIy A outer shell outer surface radii 11x1 column vector, expanded to

an 11x11 matrix

Pre?gugg,»p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eq. (2-59)).

{
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The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

_)
p'(Ro)2 ro2 .
Ops = —| 1 + — outer shell outer surface tangential stress (MPa)

A4

2 2
p T . .
O = -ﬂ 1+ —— outer shell inner surface tangential stress (MPa)
2 2 2
r, R, R,

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resulting plots and are for informational purposes only.

C10% == 10%'0'y.a110y22 10% yIEId Strength

C10% = 22.2MPa

O 20% = 20%-0y a110y22 20% yield strength

G 0% = 44 4 MPa
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Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; = o°sj,w -
0.0 mm 140.8 MPa
0.1 117.2
0.2 93.6
0.3 69.9
0.4 46.3
0.5 227
0.6 -1.0
0.7 -24.6
0.8 -48.2
0.9 -71.8
1.0 -95.4
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of

the outer shell for various gap sizes.

Stress (MPa)

._.
<

4 1201

160T

1007

40T

OS Outer Surface Tangential Stress

0.0-mm gap
0.1-mm gap
0.2-mm gap
0.3-mm gap
0.4-mm gap
0.5-mm gap
0.6-mm gap
0.7-mm gap
0.8-mm gap
0.9-mm gap

Tys.~273K
Temperaturje (Degrees C)

The 44.4 MPa and 22.2 MPa horizontal dashed lines
indicate 10% and 20% yield strength of alloy 22. These
lines are for informational purposes only.
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Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gapj =
0.0
01
02
03
04
05
06
0.7
08
0.9
10

mm

Cis

j.10

145.6

1211

96.7

723

47.8

234

-1.0

-25.4

-49.8

-74.2

-98.6

MPa
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of

the outer shell for various gap sizes.

Stress (MPa)

24 1201
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1407

100T

80T

60t

2071

OS Inner Surface Tangential Stress

a0t

0.0-mm gap
0.1-mm gap
0.2-mm gap
0.3-mm gap
0.4-mm gap
0.5-mm gap
0.6-mm gap
0.7-mm gap
0.8-mm gap
0.9-mm gap

T, ~273K
Temperaturje (Degrees C)

The 44.4 MPa and 22.2 MPa horizontal dashed lines
indicate 10% and 20% vyield strength of alloy 22. These
lines are for informational purposes only.
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Various Shell Gap Sizes for the 5-DHLW/DOE SNF-LONG WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 range from 0 to 10 with an interval of 1

gapj :=j-0.0001-m range of shell gap sizes between the shells from which
the outer shell stresses are to be calculated
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Dimensions of the waste package cross section
and the inner cavity length (Section 5.1.3):

1; 1= 0.940-m
th; := 0.050-m
Ri =+ thi
R,:=R; + gap
thy :=0.025-m
o :=Rg + th,
L :=3.590m

Material Properties.

g = 17-10‘6;%

Galloyzz :=12.6-10 ;—I'(-

GPa:=10°-Pa
E, := 206-GPa
E;:=195.1-GPa
vy :=0278

v;:=0.298

" MPa:=10%Pa

inner shell inner radius

<« Outer Shell

inner shell thickness

inner shell outer radius

outer shell inner radius

outer shell thickness

outer shell outer radius

inner cavity length L_. Inner Shell

mean coefficient of thermal expansion for 316NG SS

9.7.10" 8 ——— | (Section 5.1.1)
in-degF

mean coefficient of thermal expansion for Alloy 22

(7.0-10‘6 o )(Seciion 5.1.2)

in-degF

ksi := 103-psi
E, =299 106-psi outer shell elastic modulus (Section 5.1.2)
inner sheli elastic modulus (Section 5.1.1)

E; = 28.3 10%psi

outer shell Poisson's ratio (Section 5.1.2)

inner shell Poisson's ratio (Section 5.1.1)
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K;:= 17.3-l inner shell thermal conductivity | 10.0 _BIU_ (Section 5.1.1)
m-K hr-ft-deg F

K, := 13.4l outer shell thermal conductivity | 7.75 _BTU_ (Section 5.1.2)
m-K hr-ft-degF

Gy alloy22 = 222MPa Oy alloy22 = 32.2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 5.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. q; represents the

corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room

temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
. of the spent nuclear fuel.

(293 | 0.0
330 11799.9
357 11762.5
381 10846.7
411 ' 7192.8
Tes:=] 426 K outer shell outer q.:=| 7191.7 |W overall heat transfer
413 surface temperature 7182.4 rates (Section 5.1.5)
468 7102.3
493 6856.1
502 6540.6
512 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tis, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tog values. For this part of the calculation R; and R,
are equal to each other (Assumption 3.5).

Outer Shell

Inner Shell

T

The temperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface:

ATy :=Tjs — 293K inner shell inner surface temperature change

ATy = Tys — 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

€ =a (AT) where ¢ is the strain (change in length per length), a is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = 6 / L (change in length per length), solving for the change in length, 9, yields the
equation for thermal expansion along a radius: -

§=a RAT where d is the change in radial length, o is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

8 =04 Ry ATy change in size of the inner shell outer radius
T L . .
8 1= Oaligy22' R AT g change in size of the outer shell inner radius

A=(11111111111) This 1x11 row vector is used to expand the 11x1 column
vectors into matrices compatible with the 8, 11x11 matrix.

d:= AT-SiT =0, - gap-A interference between shells

R,:=RyA outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

fpi=1yA outer shell outer surface radii 11x1 column vector, expanded to

an 11x11 matrix

Pressure,)p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eq. (2-59)):

s

=
(-]
o"‘l
[\
l ;
owk)
=
o
[ %]
+
—
N

w3}
¥
(8]
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-The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

_)
P'(Ro)2 l'02 .
Oog = ————| 1 + — outer shell outer surface tangential stress (MPa)
L, —R, To

) 4

P'(Ro)2 ro2 . .
i i=| —— |1 + — outer shell inner surface tangential stress (MPa)
r,2 - R, R,

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resulting plots and are for informational purposes only.

C10% = 10%'0'),.3“0),22 10% yleld Strength

C10% = 22.2MPa

O0% = 20%'Gy.alloy22 20% YIeld strength

G0 = 44.4 MPa
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Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gapj = 0% 10"
0.0 mm 131.4 MPa
0.1 117.9
02 1044
0.3 90.9
0.4 77.4
0.5 63.9
0.6 50.4
0.7 36.9
0.8 23.4
0.9 9.9
1.0 -36
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of

the outer shell for various gap sizes.

Q
33[
o | W
‘-_(

!

Q
2
&
<

Stress (MPa)

. 120T
J

140T

OS Outer Surface Tangential Stress

100

0 50 100 150 200
T ~273K
Temperaturje (Degrees C)
== 0.0-mm gap
""" 0.1-mm gap
— = 0.2-mm gap
— 8imm gap The 44.4 MPa and 22.2 MPa horizontal dashed lines
A-mMmMEap indicate 10% and 20% yield strength of alloy 22. These
““““ 0.5-mm gap lines are for informational purposes only.
— - 0.6-mm gap
=== 0.7-mm gap
— 0.8-mm gap
“““ 0.9-mm gap
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Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gapj = c;isj,lo B
0.0 mm 134.8 MPa
0.1 120.9
0.2 107.1
0.3 93.2
0.4 79.4
0.5 65.5
0.6 51.7
0.7 379
0.8 240
0.9 10.2
1.0 -3.7
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of
the outer shell for various gap sizes. '
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Various Shell Gap Sizes for the 2-MCO/2-DHLW WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 range from 0 to 10 with an interval of 1

gap; := j-0.0001-m range of shell gap sizes between the shells from which
the outer shell stresses are to be calculated
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Dimensions of the waste package cross section
and the inner cavity length (Section 5.1.3):

1;:=0.792:m inner shell inner radius
< Outer Shell
th; := 0.050-m inner shell thickness ‘
R;:=r1; + th inner shell outer radius
R, :=R; + gap outer shell inner radius
th, := 0.025-m outer shell thickness
1, =R, + th, outer shell outer radius Gap >k
L:=4.617m inner cavity length L Inner Shell
Material Properties.
o =17 1070 = mean coefficient of thermal expansion for 316NG SS
m.
9.7.107° (Section 5.1.1)
in-degF
Qglioy22 := 12.6-10" 6 LK mean coefficient of thermal expansion for Alloy 22
m- .
7.0-10” 8 —= (Section 5.1.2)
in-degF
GPa:=10°-Pa MPa := 10%.Pa ksi := 10>-psi
E, :=206-GPa E, =299 106-psi outer shell elastic modulus (Section 5.1.2)
E; :=195.1-GPa E; =283 106-psi , inner shell elastic modulus (Section 5.1.1)
Vo :i=0.278 outer shell Poisson's ratio (Section 5.1.2)
v;:=0.298 inner shell Poisson's ratio (Section 5.1.1)
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K;:= 17.3-i inner shell thermal conductivity 10.0-——B—T-9— (Section 5.1.1)
m-K hr-ft-deg F

K,:=13.4 W outer shell thermal conduciivity | 7.75 _BIU_ (Section 5.1.2)
m-K hr-ft-deg F

Oy alloy22 = 222MPa Gy alloy22 = 32-2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 56.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. g, represents the
corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room
temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
of the spent nuclear fuel.

(293 0.0
330 11799.9
357 11762.5
381 10846.7
411 7192.8
Tys:=| 426 |[K outer shell outer =] 71917 |W overall heat transfer
413 surface temperature 71824 rates (Section 5.1.5)
468 7102.3
493 6856.1
502 6540.6
\512 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tis, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tos values. For this part of the calculation R; and R,
are equal to each other (Assumption 3.5).

Outer Shell

Inner Shell

r: .
Ti s = . + !

2nLK  2-nLK,

e |+ Tos

61

The temperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface: :

ATy =Ty - 293K inner shell inner surface temperature change

ATy =Ty — 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

e = o (AT) where ¢ is the strain (change in length per length), o is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = 8 / L (change in length per length), solving for the change in length, 8, yields the
equation for thermal expansion along a radius:

6=a RAT  where éis the change in radial length, o is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

8 = age Ry ATy change in size of the inner shell outer radius
T oo . ;
8 1= 0ty110y22 Ro' AT g change in size of the outer shell inner radius

A=(1 111111111 1) This1x11 row vectoris used to expand the 11x1 column
vectors into matrices compatible with the 5, 11x11 matrix.

6= AT-ESiT ~ 8, ~ gap'A interference between shells

R,:=R,A outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

I =Ty A outer shell outer surface radii 11x1 column vector, expanded to

an 11x11 matrix

Pressusrgi)p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eq. (2-59)):

L

=
o"!
+
&

es!

o
°-1

|
&
~

|
-
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The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

Ops'=| ————| 1 + — outer shell outer surface tangential stress (MPa)

A4

G = Ll /A 1+— outer shell inner surface tangential stress (MPa)

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resulting plots and are for informational purposes only.

C1o% = 10%'0'),.3110},22 10% yleld Strength

C10% = 22.2MPa

G 20% = 20%-Gy aj16y22 20% vyield strength

O 209 = 44 4 MPa
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Page VII-7

Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gapj =
0.0
0.1
0.2
03
04
05
06
07
08
0.0
10

130.9

115.0

99.2

834

67.5

51.7

35.8

20.0

4.2

-11.6

-27.5

MPa
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of

the outer shell for various gap sizes.
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Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; = Gisj,]O B
0.0 mm 134.8 MPa
0.1 118.5
0.2 102.2
0.3 85.9
0.4 69.5
0.5 53.2
0.6 36.9
0.7 206
0.8 4.3
0.9 -12.0
1.0 -28.3
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of
the outer shell for various gap sizes.

OS Inner Surface Tangential Stress

Stress (MPa)
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Various Shell Gap Sizes for the Naval SNF Long WP

This calculation determines the outer shell stresses due to uneven thermal expansion of the
inner and outer shells. The inner shell is constructed of 316 Stainless Steel Nuclear Grade
(Section 5.1.1), and the outer shell is constructed of Alloy 22 (Section 5.1.2). Various shell gap
sizes are used to calculate the resulting outer shell stresses.

Parameter j provides a range from 0 to 10 with an interval of 1.

j=0.10 : range from 0 to 10 with an interval of 1

gap; = j-0.0001-m range of shell gap sizes between the shelis from which
the outer shell stresses are to be calculated

mm
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Dimensions of the waste package cross section
and the inner cavity length (Section 5.1.3):

r; == 0.8595-m inner shell inner radius
< Outer Shell
th; := 0.050-m inner shell thickness
R;:=r1; + th inner shell outer radius
R, :=R; + gap outer shell inner radius
th, 1= 0.025-m outer shell thickness
Iy =Ry + thy outer shell outer radius Gap
L:=5.415m inner cavity length L Inner Shell

Material Properties.

Olgg = 17-10'6—% mean coefficient of thermal expansion for 316NG SS
m- .
9.7.107°—2 | (Section 5.1.1)
in-degF
Calloy22 = 12.6-10° 6£K mean coefficient of thermal expansion for Alloy 22
m- .
7.0-10°° (Section 5.1.2)
in-degF
GPa:=10"-Pa MPa := 10°-Pa ksi := 107 psi
E, :=206-GPa E, =299 106~psi outer shell elastic modulus (Section 5.1.2)
E; :=195.1-GPa E; =283 10%psi inner shell elastic modulus (Section 5.1.1)
Vo= 0.278 outer shell Poisson's ratio (Section 5.1.2)

v;:=0.298 inner shell Poisson's ratio (Section 5.1.1)




Attachment VIII: CAL-EBS-ME-000011 REV 00 Page VIII-3
TEVarGapCalcs Naval SNF Long V1.0.mcd

K;:= 17.3-—‘& inner shell thermal conductivity 10.0ﬂ (Section 5.1.1)
m-K hr-ft-deg F

Ky,:=134 W _ outer shell thermal conductivity | 7.75 _BIU (Section 5.1.2)
m-K hr-ft-deg F

Oy alloy22 ‘= 222MPa Gy alloy22 = 32.2ksi outer shell yield strength at 260 degrees C

(Section 5.1.2)

The upper boundary of the temperature range that the outer shell of the 21-PWR waste package
is subject to is 239 degrees C (462 degrees F and 512 K) (Section 5.1.4), occurring 35 years
after emplacement. This upper boundary temperature range is used for all waste packages
(Section 5.1.4). Room temperature at 20 degrees C (68 degrees F and 293 K) is the initial
temperature (Section 5.1.4) of the shells before the spent nuclear fuel is inserted.

Tos represents the temperature range values (Kelvin) of the calculation. g represents the
corresponding overall heat transfer rates (Watts) for each temperature (Section 5.1.5). At room
temperature the overall heat transfer rate is equal to zero, representing the shells before insertion
of the spent nuclear fuel.

(293 ’ 0.0
330 11799.9
357 11762.5
381 10846.7
411 7192.8
Tos:=| 426 |K outer shell outer q;:={ 7191.7 |W overall heat transfer
443 surface temperature 7182.4 rates (Section 5.1.5)
468 : 7102.3
493 6856.1
502 6540.6
512 6158.3
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Using heat transfer methods for a composite cylindrical wall, illustrated here, the inner shell inner
surface temperature range, Tis, is found by the following equation (Ref. 16, page 92, eq. (3-29)).
These temperature values correspond with Tos values. For this part of the calculation R; and Ry
are equal to each other (Assumption 3.5). )

Outer Shell

Inner Shell

I

The femperature change is found for both the inner shell at the inner surface and outer shell at
the outer surface:

AT :=Tis - 293K inner shell inner surface temperature change

ATy =Ty — 293K outer shell outer surface temperature change
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Interference between the two shells along the radius is determined using the basic definition
of thermal expansion:

£ = o (AT) where ¢ is the strain (change in length per length), a is the coefficient of thermal
expansion, and AT is the change in temperature (Ref. 17, page 63, eq. (2-61)).

Since € = 3 / L (change in length per length), solving for the change in length, 6, yields the
equation for thermal expansion along a radius:

d=a RAT where d is the change in radial length, o is the coefficient of thermal expansion, R
is the radial length, and AT is the change in temperature.

8 == gy Ry ATy change in size of the inner shell outer radius
T S . .
8 1= Qailoy22'Ro AT gg change in size of the outer shell inner radius

A=(1111111111 1) This1x11 row vectoris used to expand the 11x1 column
vectors into matrices compatible with the 6, 11x11 matrix.

&= AT-SiT -8, —gap-A interference between shells

R, =R A outer shell inner surface radii 11x1 column vector, expanded to
an 11x11 matrix

=1y A outer shell outer surface radii 11x1 column vector, expanded to

an 11x11 matrix

Pre?gusrg,»p, due to an interference fit is found by the following equation (Ref. 17, pages 62 to 63,
eq. (2-59)):

\

=

[

S
+
=

)

7z

z

[N}
+
1

o]
=
¥
)
z
)
|
=
(¥
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The tangential stresses at the inner and outer surfaces of the outer shell are found in this section.

Outer shell tangential stress (Ref. 17, page 59, eq. (2-50), first equation) at the outer surface:

O = ——— 1+ — outer shell outer surface tangential stress (MPa)

A d

i =] ——— 11+ — outer shell inner surface tangential stress (MPa)

The following calculations determine the outer shell 10% and 20% yield strength values. These
values are marked on the resuiting plots and are for informational purposes only.

O 10% = 10%-0y a110y22 10% yield strength

C10% = 22.2MPa

G 20% = 20%-G y al1oy22 20% yield strength

G209 = 44 4 MPa
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Maximum stress at 239 degrees C at the outer surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap;j = 00510
0.0 mm 130.4 MPa
0.1 115.7
0.2 101.1
0.3 86.4
0.4 717
0.5 57.0
0.6 42.4
0.7 27.7
0.8 13.0
0.9 1.7
1.0 -16.3
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the outer surface of
the outer shell for various gap sizes.

— =3 80T

Stress (MPa)

. 1207
J

140T

1007

2071

OS Outer Surface Tangential Stress

\_--___—}\~———-~——\———--———- B St

U N

Page VIII-8

W
O

.
B
i

0.0-mm gap
0.1-mm gap

- 0.2-mm gap

0.3-mm gap
0.4-mm gap
0.5-mm gap
0.6-mm gap
0.7-mm gap
0.8-mm gap
0.9-mm gap

Tos. 273K
Temperature (Degrees C)

The 44.4 MPa and 22.2 MPa horizontal dashed lines
indicate 10% and 20% yield strength of alloy 22. These

lines are for informational purposes only.
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Page VIII-9

Maximum stress at 239 degrees C at the inner surface for a corresponding gap size. Negative
stresses signify that there is no contact between the shells for the corresponding gap size.

gap; =
0.0
0.1
0.2
03
0.4
05
06
0.7
08
09
70

mm

Ois =
.10

134.1

119.0

103.9

88.8

73.7

58.6

43.5

28.5

13.4

-1.7

-16.8

MPa
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This plot illustrates the stress (MPa) with respect to temperature (degrees C) of the inner surface of
the outer shell for various gap sizes.

OS Inner Surface Tangential Stress
140T , .

cisl . 1207

6
107 1001

Stress (MPa)

“““““ 60T

108 40T

Tos.—273K
Temperaturje (Degrees C)

— 0.0-mm gap

""" 0.1-mm gap

- - 0.2-mm gap

_C 0mm8®  he 44.4 MPa and 22.2 MPa horizontal dashed lines

A-MMEA  jndicate 10% and 20% yield strength of alloy 22. These

“““ 0.5-mm gap lines are for informational purposes only.

— - 0.6-mm gap

— - - 0.7-mm gap

~—— 0.8-mm gap

""" 0.9-mm gap
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Thermal Expénsion for a Long Circular Cylinder

This attachment will verify the basic equation for thermal expansion through the radius of a
cylinder. The equation is as follows:

§ =a-R-AT

where

d is the change in radial length,

o is the coefficient of thermal expansion,
R is the radial length,

and AT is the change in temperature.

The following equations (Ref. 19, page 444, eq. (c) through (f)) are used to determine the stress
in the radial, angular, and axial directions, represented by oy, 65, and o, respectively. The
displacement due to thermal expansion is given by u. Since the temperature gradient through
the barrier thickness is negligibly small, AT is independent of the radius, r.

1+v 1 (" C
u= M -oc-—-J' AT-rdr + Cyr + 2 1)
1-v I J, T
. r C C
c,=—°‘E-lJ ATrdr+ —— | _ 22 )
1-v 2/, l+vil-2v 2
T
. .E-AT E ¢ C
og = xE —I-J AT-rdr- 2 + + 2 3)
1-v 27, 1-v l+v{il-2v 2
o-E-AT 2-v-E-C4

= 4
%=y T —2v) )

where

v is Poisson's ratio,

o is the coefficient of thermal expansion,
E is the elastic modulus,

r is the radial length,

a is the inner radius,

and AT is the change in temperature.
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Integrating and simplifying equation (2) gives

E 1 E C, G
G, =- > - AT-rdr + . -—
1-v 2/, l+vi{l-2v 2

E 1(1 1 E C C
o, =- @ | =PAT- —-az-AT) + . -2
1-v 2\2 2 l+vil-2v 2

Page IX-2

)

Using eq. (5), C, is found in terms of C, by using the following boundary condition:

Forr=a, 6.=0.

1 2

C2 = -a 'C]
1-2v

C, is substituted into eq. (5).

2

.E AT E C 1 1

o-r=_a—._—_. l_a_ + |_ — .a2.C1 —
1-v 2 2 1+v|_1—2v 1-2v

a-E AT a2 CrE a2
o'r=-——._.. 1——|+ J1 — —
1-v 2 2 (1 + v)-(l -2v) P

c.= a‘E .£+ C].E . ]_a_2
"l1-v 2 (+v)(1-2v) P

Using eq. (7), C, is found by using the following boundary condition:

Forr=b, o, =0, where b is the outer radius.

(1 +v)(-2v) -

Ci= AT
! 2(1 - v)

(6)

@)

(8)
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Substituting C; into eq. (6) produces C,.

1 _2(1+v)(1-2v)

C,=
2T Zay 2(1 - v)

((1 +_ \:,)) o AT ©)

C1 and C; are inserted into eq. (5) to determine the radial stress, o,.

(/= N P EBIFh e 1) o]

1+v|1-2v 2(1 -v) 2 200-v)

Reducing the equation yields

a2 E (1+v) (1+v) a2
2(1-v)aAT( ?J+1+vl:2(l—v) AT_z(l—v)':zma'AT}

E 32 E a’
6, =- AT 1 - = | 4 ————0-AT| 1 - —
2(1 -v) 2] 2(1-v) P

c,=0 (10)

C, and C, are inserted into eq. (3) to determine the angular stress, o.

.a-AT +
1-v 2J, 1-v 1+v|_1-2v 2 -v) 2(1-v) 2

T 2
oy = o-E 'l'J ATorde. SEAT _E |_ 1 _(1+v)-(1—2-v) (1+v) & “'AT]
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Reducing the equation yields

2
Cg = o-E .l.[l.AT.(rz - a2)] - o-E-AT + E .[ (1 + V) o -AT + _(ﬂ.a_.a.AT:I

1-v 2|2 1-v  1+v|2(1-v) 2(1-v) 2

2 2
op=———aAT|1 -2 |- E AT — B _garf1+Z
2(1 -v) 2] 1-v 2(1—v)

E a’ a2
6o = ———0-AT| 1 - = =2 |+ ———.a-AT-
2(1-v) 2 2. (1 -v)

E 2 a’
0’9=—2(1_v) ocAT(1+ rJ 2(1—v) aAT[1+—J

0'0=0 (11)

A uniform axial stress o, = C3is superposed onto eq. (4), choosing C3 so that the resuitant force on
the ends is zero (Ref. 19, page 444).

o = a-E-AT 2-v.E.C,
21w (1+v)(1—2v)

+Cy= (12)

Using eq. (12), C; is found by substituting C into the equation.

o-E-AT 2.v-E (1+v)(1-2 v)

i—v Genl-2v) 20-vy *

C3=

Reducing the equation yields

E -E
Cs = AT - —
1-v 1-v

-a-AT

C;= E_ wat(i-v)
v

C; =E-a-AT (13)
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The displacement u, is affected by the axial stress C3. A term -vCar/E must be added on the right
of eq. (1) (Ref. 19, page 445).

1 T C2 v-Csyr
u=l +"-a--—-J AT-rdr+ Cpr 4+ — 4+ | ——2 (14)
1-v rJ, r E

C4, Cy, and C; are inserted into eq. (14) to determine the radial displacement.

u=

i -I—-:: : Ja AT-rdr + (1 + \i)l (—1v—)2 v). AT : 2((1 +—\;)) o-AT + (_V-E.a.AT.r)

Reducing the equation yields

1+v 1 ( ) (1+v)(1 2v) (1+v) a

—-a-AT- o-AT-r+

: —~ Y 2 WAT - v-o-rAT
T2 -v) T 2(1-v) 2(1-v) r vier

u=ﬁ-a-AT-T —Tz) (1-2.v)r+ —ZJ—varAT

1+v ( a2 a’
u = ————a- AT r-— +r-2.vr+ — [ - v.a-r-AT
2-(1 —v) r r

us=s —lt—Y—-a-AT-(Zr - 2-v'r) - v-a-r-AT
2:(1-v)

1+v

“G-v)

.a-rAT(1 - v) - v-a-rAT

u= (1 + v)-a-r-AT —v-a-r-AT

u =o-r-AT (15




